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The purpose of this doctoral thesis was to investigate the biogeography and evolution of two 
groups of plants in Iran: Verbascum and Artemisia. To fulfill this objective, molecular 
phylogenies were built for these two genera and morphological characters were analyzed. 
Samples were collected in Iran during field trips and compared to herbarium specimens from 
several herbaria in Europe and Iran. During this survey nearly all species from Iran were 
collected. For molecular studies they were collected in silica-gel, from which DNA was 
extracted and sequenced for several regions.  
 
For Verbascum we constructed a phylogeny with 77 taxa representing 38 species and 
sequenced them with Nuclear (ITS) and four chloroplastic regions (trnL-F, trnS-G, trnH-psbA 
and partial matK). Morphological characters used to delimits taxonomic groups in this large 
genus were closely examined and compared to the molecular phylogeny. 
 
We built another phylogeny for Artemisia with only nuclear regions ITS and ETS due to the 
lack of resolution of chloroplastic markers for this genus. We were able to include 48 taxa in 
our analysis, 22 from Iran and we added 26 from Turkey. As many studies have already been 
conducted on Artemisia, we also included them into a large phylogeny, with almost all the 
previous published sequences of Artemisia to establish a robust phylogenetic framework. 
 
The results from Verbascum’s molecular phylogeny showed this is a monophyletic genus, but 
it cannot confirm the previous sub-genera classification provided by Murbeck (1933) and 
Huber-Morath (1981). Our result showed that some of the key characters proposed by those 
authors are plesiomorphic and probably only a combination of character states can help to do 
some grouping. During the survey of Verbascum species, some new records for Iran and two 
news species were encountered: V. shahsavarensis and V. parsana. 
 
The inclusion of Iranian and Turkish species of Artemisia widened the existing studies 
particularly poor in species from both regions. The phylogenetic results of Artemisia showed 
that partial ETS could provide more variable and potentially informative sites than the whole 
ITS. However the addition of Iranian and Turkish taxa did not produce topology conflicts 
among the major Artemisia lineages and results largely agreed with previous studies with a 
few exceptions.  Also, our results confirm the decision to sink some species like 
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Sphaeromeria capitata (A. capitata) and Sphaeromeria argentea (A. macarthuri) into the 
genus Artemisia.  
 
This work brought new data to a poorly known genus, Verbascum in that region and added 
species not included previously in phylogenies for Artemisia. Overal this study showed that 
morphological characters alone are not enough to define subgeneric classification. The result 
of Verbascum pave the way for future investigations, and Artemisia analysis clearly states that 
some subgenus or sections of Artemisia, require changes in their delimitation.  
 
Keywords: Artemisia, chloroplactic genes, classification, ETS, evolution, Iran, ITS, 














































L'objectif de cette thèse était d'étudier la biogéographie et l'évolution de deux groupes de 
plantes en Iran: Verbascum et Artemisia. Pour réaliser cet objectif, plusieurs phylogénies 
moléculaires ont été construits pour chacun de ces deux genres, et plusieurs caractères 
morphologiques ont été analysés. Les échantillons pour cette thèse ont été collectés en Iran au 
cours de mission de terrain et comparés aux spécimens d'herbier de plusieurs herbiers en 
Europe et en Iran. Cette étude a permis la collecte de presque toutes les espèces d’Iran. Pour 
les études moléculaires des feuilles ont été prélevées et conservées dans du silica-gel, à partir 
duquel l'ADN a été extrait et séquencé pour plusieurs régions. 
 
Pour Verbascum nous avons construit une phylogénie moléculaire comprenant 77 taxons 
représentant 38 espèces, à l’aide de la région  nucléaire (ITS) et de quatre régions 
chloroplastiques (trnL-F, trnS-G, trnH-psbA et matK en partie). Les caractères 
morphologiques utilisés pour délimiter les groupes taxonomiques dans ce grand genre ont été 
examinées attentivement et comparées à la phylogénie moléculaire. 
 
Nous avons construit une autre phylogénie pour Artemisia avec seulement deux régions 
nucléaires ITS et ETS, en raison de l'insuffisance de résolution des marqueurs 
chloroplastiques pour ce genre. Nous avons pu inclure 48 taxa dans notre analyse, 22 en 
provenance d’Iran et 26 en provenance de Turquie. Comme de nombreuses études ont déjà été 
menées sur Artemisia, nous avons inclus nos séquences dans une grande phylogénie, incluant 
presque toutes les séquences publiées lors d’études précédentes en vue de construire un cadre 
phylogénétique robuste pour notre étude et de juger de l’apport des espèces turques et 
iraniennes à la phylogénie d’Artemisia. 
 
Les résultats de la phylogénie moléculaire de Verbascum montrent qu’il s’agit d’un genre 
monophylétique, mais n’a pas permis de proposer  de classification infra-générique  en accord 
avec la classification de Murbeck (1933) ou d’Huber-Morath (1981). Certains des caractères 
clés proposées par ces auteurs sont plésiomorphes et seule une combinaison de caractères peut 
aider à faire quelques regroupement. Au cours de cette étude deux espèces nouvelles ont été 




L'inclusion des espèces iranienness et turques d'Artemisia a permis d’élargir les études 
existantes particulièrement pauvres en espèces provenant de ces deux régions. Les résultats 
phylogénétiques pour Artemisia ont montré que la région ETS fournit plus de sites variables 
et potentiellement informatifs qu’ITS. Cependant l'ajout de taxons iraniens et turcs n'a pas 
résolu les problèmes de délimitation des lignées majeures d'Artemisia et les résultats 
largement congruents avec les études précédentes. En outre, nos résultats confirment la 
décision d’inclure dans Artemisia certaines espèces comme Sphaeromeria capitata (A. 
capitata) et Sphaeromeria argentea (A. macarthuri) dans le genre Artemisia. 
 
En conclusion ce travail apporte des données nouvelles pour un genre peu étudié comme 
Verbascum et pour Artemisia des données sur des espèces non incluses précédemment dans 
les phylogénies d’Artemisia. Globalement cette étude a aussi démontré que les caractères 
morphologiques ne suffisent pas à définir de classification sub-générique dans ces deux 
genres et indiquent clairement que certains sous-genres ou des sections d'Artemisia comme 
Verbascum , exigent des changements dans leur délimitation. 
 
Mots-clés: Artemisia, genre chloroplastic, classification, ETS, l'évolution, l'Iran, ITS, 






Cette thèse de doctorat a pour objectif d’étudier l'évolution de deux groupes de plantes en 
Iran. Deux phylogénie ont été construites, l'une pour le genre Verbascum et une autre pour le 
genre Artemisia. Ce manuscrit est divisé en cinq chapitres, chacun des chapitres présenté 
comme un article (publiés ou en préparation) encadrés par une introduction et une conclusion. 
Avec 1.640.000 kilomètres carrés l'Iran est situé dans la zone steppique de l'Asie centrale et 
possède une combinaison particulière d'écosystèmes très diversifiés, qui est à l’origine d’une 
des biodiversités floristique les plus riches de la région. Cette richesse spécifique s’explique 
par la diversité des conditions climatiques et topologiques, la présence de hautes montagnes 
au nord et de déserts du sud. Les principales chaînes de montagnes sont Alborz, Zagros, 
Kopetdague, Khorassan et Makran . Les plaines se trouvent le long de la mer Caspienne, du 
golfe Persique et du golfe d'Oman. En raison de cette hétérogénéité biogéographique, l'Iran 
possède plusieurs régions phytogéographiques particulières qui sont le résultat d'interactions 
complexes entre les différentes zones climatiques et floristiques adjacentes dans un contexte 
orographique spécial. Les activités anthropiques très anciennes ont également joué un rôle 
dans la physionomie diversifiée de ces régions. Ces études phylogénétiques s’inscrivent aussi 
dans une situation complexe de connaissance et de protection des écosystèmes  iraniens. 
 
Le genre Verbascum L. appartient à la famille des Scrophulariaceae stricto sensu, et à la tribu 
des Verbasceae. Il en est l’un des genres majeurs (Judd 1999, Olmstead 2001, Fischer 2004, 
Oxelman 2005) et comprend environ 360 espèces dans le monde (Heywood 1993, Mabberley, 
2008) dont 44 espèces en Iran (Huber-Morath 1981, Sharifnia 2011, Sotoodeh et al. 2014 et 
2015). Outre les espèces, de nombreux hybrides ont été décrits, quand deux ou plusieurs 
espèces poussent ensemble. Ils forment des intermédiaires entre leurs parents dans la plupart 
des caractéristiques morphologiques (Ferguson 1972, Huber-Morath 1978, 1981, Murbeck 
1933). Nos études phylogénétiques ont été réalisées avec des marqueurs moléculaires 
chloroplastiques trnS-G, trnL-F et matK et nucléaire: ITS. Des taxa appartenant au genre ont 
été décrits avant l'époque de Linné (Karaveliogullari 2008): et nommés par Belli en 1601 : 
Arcturus. En 1753, Linné a nommé Celsia L. les plantes avec 4 étamines et Verbascum L. les 
spécimens avec 5 étamines. 
 
Les espèces de Verbascum sont adaptées à différentes conditions écologiques, tels que les 
habitats xériques, semi-ouverts ou steppiques.  
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Basé sur Murbeck (1933), Heywood (1993), Judd (1999) et Mabberley 2008, Verbascum est 
largement distribué en Europe, en Asie et en Afrique avec trois zones de richesse spécifique 
importante, la zone irano-turanienne, l’Europe centrale et le Maghreb. 228 espèces sont 
présentes en Anatolie (Huber-Morath 1978), cette région étant le principal centre de 
diversification. En Iran, environ 48% des espèces Verbascum iraniens sont distribués dans les 
provinces du Nord-Ouest, dans le voisinage de l'Anatolie turque (Sharifnia 2007). Ils peuvent 
être trouvés dans différentes parties de l'Iran à l'exception de la région Nubo-Sindian, dans le 
sud de l'Iran. Parmi les 44 espèces Verbascum distribués en Iran, 21 sont endémiques 
(47,7%). La plupart des espèces endémiques (93%) appartiennent à la zone irano-turanienne, 
tandis que 15 (34%) appartiennent à la région Hyrcanienne et 2 (4,5%) appartiennent à la 
région soudanienne (Huber-Morath 1981, Sharifnia 2011, Sotoodeh et al. 2015). 
Au cours de cette thèse quatre articles ont été rédigés sur le genre Verbascum, deux sont 
publiés, un est soumis et le dernier est en cours de correction. C’est le travail sur les 
spécimens collectés ou en herbiers, qui a permis ces publications. 
 
Les Asteraceae (la famille du tournesol) ont une distribution mondiale, étant absent seulement 
du continent Antarctique et faiblement représentées dans les écosystèmes forestiers tropicaux. 
La famille se compose principalement d'herbes, d'arbustes, d'arbres ou de lianes (Simpson, 
2006). C’est probablement la plus grande famille d’Angiospermes (Judd et al. 2008, Stevens 
2011), avec plus de 1 590 genres et 23 600 espèces (Heywood 1985 Mabberley 2008). Cette 
grande famille a été divisée en plusieurs sous-familles. Les études phylogénétiques 
moléculaires permis d’etablir une nouvelle classification de la famille.  
 
Le genre Artemisia L. est le plus grand de la tribu des Anthemideae, comme de la famille des 
Asteraceae. Il comprend plus de 500 taxons à divers niveaux spécifiques ou sub-spécifiques 
(le nombre varie selon les auteurs: McArthur 1979, 1998, 2001 Oberprieler, Vallès et 
McArthur 2001, Martin et al 2003, Vallès et Garnatje 2005). Il est présent généralement dans 
les zones tempérées de l'hémisphère Nord, principalement dans les milieux arides et semi-
arides, et possède seulement quelques représentants dans l'hémisphère Sud. Les espèces 
d'Artemisia sont pour la plupart des herbes vivaces, elles sont rarement annuelles ou 
bisannuelles (Valles et al. 2003, Hayat et al. 2010, Garcia et al., 2011b, Pellicer et al., 2011a). 
C’est généralement la plante dominante de certaines communautés végétales telles que la 
steppe, la steppe subalpine, la steppe arbustive, semi-désertique et désertique (Vallès et 
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McArthur 2001). Leurs pollens sont reconnus comme indicateur du climat steppique 
(Erdtman 1952).  
 
Le centre le plus important d'origine et de diversification des Artemisia est l'Asie centrale, 
l'Europe, le nord de l'Amérique et l'Afrique du Sud (Heywood 1985), et basé sur Ling (1982) 
et Valles et McArthur (2001), la région méditerranéenne et l’Amérique du Nord-Ouest sont 
deux centres de spéciation secondaires. La région méditerranéenne est un centre important de 
diversification pour Artemisia et surtout l'Iran et la Turquie. La plupart de cette richesse 
floristique se trouve dans la région irano-touranienne, situé à un croisment de plusieurs 
régions biogéographiques (Zohary 1973, Davis 1965-1985).  
 
Le genre est taxonomiquement extrêmement difficile. Ces espèces présentent un grand 
éventail de formes, et de caractéristiques morphologiques, avec un certain polymorphisme 
(Gharhreman 2007, Pellicer et al. 2014, Haghighi et al. 2014a et 2014b). 
 
De nombreuses tentatives ont été faites pour établir un classement infra-générique de ce grand 
genre depuis De Candolle (1837). La classification la plus récente, qui est plus ou moins 
largement acceptée, est principalement basée sur le type de capitules et des fleurons fertiles 
avec cinq grands groupes traités au rang de sous-genre (Absinthium, Artemisia, Dracunculus, 
Seriphidium, Tridentatae) (Torrel 1999, Valles 2001, Pellicer et al 2011a), auquel nous avons 
ajouté le sous-genre nouvellement défini : Pacifica.  
 
Pour comprendre l'histoire évolutive de ce genre dans la région irano-touranienne, nous avons 
échantillonné tous les taxons de Turquie (26 taxa) et d'Iran (24 taxa), ainsi que quelques 
espèces non publiées d'Europe. Nous avons utilisé ITS, ETS pour la phylogénie. Nous les 
avons inclus dans une grande phylogénie avec la plupart des séquences publiées de GenBank 
pour ces régions.  
 
Les espèces iraniennes et turques d'Artemisia appartient à trois sous-genres: Artemisia (y 
compris Absinthium), Dracunculus et Seriphidium, mais la majorité d'entre elles font partie 
des sous-genres Artemisia et Seriphidium. Aucun de ces sous-genres n’est monophylétique, à 

































Chapter I: Introduction  
1. 1. General introduction 
 
This doctoral thesis was done to investigate the evolution of two groups of plants in Iran. Two 
phylogenies were built, one for the genus Verbascum and another for the genus Artemisia. 
Samples were collected in Iran, and included in a large phylogeny to provide a robust 
framework for phylogenetical analyses in these genera, which encompasses nearly all their 
species in Iran.  
 
This manuscript is divided into five chapters, each chapter as a paper (either published or in 
preparation) with an introduction and a conclusion. 
 
Iran -with 1,640,000 square kilometers - is situated within the dry belt of Asia and displays a 
combination of different ecosystem and a rich biodiversity due to various climatic conditions 
and topology, from high mountains on the north to deserts in the south (Fig. 1.1). The 
lowlands territories are found along the Caspian Sea, the Persian Gulf and the Gulf of Oman. 
High mountains occurs in half of the country, and the main mountain chains are Alborz, 
Zagros, Kopet Dagh, Khorassan and Makran (Fig. 1.2) (Ghahreman & Attar, 2000).  Due to 
this heterogeneity, the biogeography of Iran is complex with several different 
phytogeographic regions and is the result of complex interactions between different climatic 
zones and floristic influences in a special orographic context (Zohary 1973). 
 
Anthropic activities have also played a role in shaping the physiognomy of those regions. 
Knowledge of the current situation of vegetation is vital for Iran because protection of 



































































































Fig 1.2: Geographical location of Iran in the Middle East with major geomorphological 






1. 2. Flora Iranica 
The main published floristic work for this region is Flora Iranica (Rechinger 1963 – 2005; 
176 fascicles published). The geographic area of this flora encompass the entire political 
boundaries of Iran, Afghanistan, N. Iraq, mountains of Turkmenistan, small parts of 
Azerbaijan (Talesh) and the western Pakistan up to the Sind river (Fig. 1.3). 
 
 
Fig 1.3: The geographic area covered in Flora Iranica 
 
 The total number of species is 9977 with 1471 genera; 3318 species are given as endemic to 
this area (33%), out of which 1490 (Akhani 2006) species are endemic to Iran (24%). Based 
on Rechinger (1963-2010), Ghahreman & Attar (2000) and Akhani (2006), total number of 
Iranian taxa after addition of about 500 new species or records by Ghahreman & Attar (2000) 
and Akhani (2006) are about 7300 species, 167 families of vascular plants and 1215 genera. 
About 1,810 taxa are endemic (Ghahreman & Attar 2000).  
 
1. 3. Climatic and Floristic Regions of Iran 
The flora and vegetation of Iran have been extensively investigated since a long time (e.g. 
Rechinger 1963-2010; Zohary 1973; Léonard 1981-1989, 1991/1992; Klein 1994; Frey and 
Probst 1986; Frey et al. 1999), but the relationships between climatic parameters and plant 
distribution over the country have been poorly studied. 
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The bioclimatic analyses of Iran are based on application of simple bioclimatic indices such 
as the aridity index of de Martonne (Khodayari 1970), bioclimatic classification methods of 
Köppen (Adle 1960) and Emberger  (Sabeti 1969).  
The Emberger’s bioclimatic classification system (climography) seems to provide more 
concrete correlations between vegetation and bioclimatic zones of Iran (Sabeti 1969; Klein 
1994). Djamali (2011) in his study applied the recent developed Global Bioclimatic 
Classification System (Rivas-Martínez et al. 1997, 1999) to meteorological data of Iran. This 
system has been successfully applied to different parts of the world and seems to provide 
good matches between biome and climate boundaries (Rivas- Martínez et al. 1997, 1999; 
Amigo and Ramírez 1998; del Río González 2005).  
 
Floristic regions are defined as geographical areas with distinct plant life or floras and they 
are characterized by endemic taxa at the level of species or higher (Takhtajan 1986, 
McLaughlin  1994, Manafzadeh 2014). Zohary (1973) distinguishes four phytogeographical 
regions in Iran: 1) Irano-Turanian, in most of the central Iranian plateau and its bordering 
highlands, 2) Hyrcanian (Sub-region of Euro-Siberian), in the south of Caspian region, 3) 
Sudanian, in southern Iran, and finally 4) Saharo-Arabian in southwestern of Iran (Fig. 1.4). 
Takhtajan (1986), Léonard (1989), White and Léonard (1991) proposed some minor changes 
in Zohary’s classification but its concept was largely accepted. We will review them briefly 
below. 
 
1. 3. 1. Irano-Turanian floristic region 
The term Irano-Turanian floristic region (I-T region) was first defined by Edmond Boissier in 
Flora Orientalis (1867) and has subsequently been explained and delimited in different ways 
by various authors (Zohary 1973; Takhtajan 1986; Léonard 1989; Davis et al. 1994). The 
Irano-Turanian region covers a vast area of Iran from the southern slopes of Alburz mountains 
to highlands Lar-Makran mountain in the south. 
The I-T region in Southwest Asia is one of the richest floristic areas of the Holarctic Kingdom 
(Fig. 1.4), with most of its species diversity found in the Iranian plateau, Anatolian plateau, 
and Central Asia (Zohary 1973; Takhtajan 1986; Léonard 1989; Davis et al. 1994; 
Manafzadeh 2014). This region is well characterized climatically, floristically and 
vegetationally and differ from the surrounding regions by its continental climate, manifested 
by the extreme ranges in temperature, both diurnal and annual, low precipitation and two 
seasons of rest in plant life, the hot and dry summer, and the cold harsh winter. (Zohary 
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1973). The flora is characterized by several endemic genera and very high species endemism 
(Takhtajan, 1986). The I-T region has long been regarded as the source of many taxa found in 
neighbouring countries, mostly for the Mediterranean region (Akhani 2007, Manafzadeh 
2014). But despite its potential role as a source of xerophytic species for neighbouring areas, 
such as the Saharo-Arabian and Mediterranean regions, the I-T region remains poorly studied 
(Emadzade et al. 2011, Migliore et al. 2012, Manafzadeh 2014). There is therefore a need to 
study key Irano-Turanian taxa in order to better understand the evolution of biodiversity and 
biogeographical links both within that region and to neighboring floristic regions 
(Manafzadeh 2014).  
The main elements of this region are Astragalus L. with 1200 species and Acantholimon 
Boiss. with 170 species, and several genera with high number of species such as Cousinia 
Cass., Acanthophyllum Hook. & Arn., Isatis L., Zerdana Boiss., Elburzia Hedge., Salvia L., 
Nepeta L., Centaurea L., Cirsium Mill., Echinops L., Artemisia L., Verbascum L., ... 
(Mobayen 1964, Zohary 1973). 
 
The two main floristic sub-regions of Irano-Turanian  
a) The Irano-Turanian plain area zone 
This region comprises a great variety of climates, soils and topography. It is almost 
surrounded on all sides by mountains. Habitat types range from desert and semi-desert to dry 
steppe. A variety of land forms includes extensive plains, alluvial fans, limestone outcrops, 
salt desert and sand dunes. The central plateau and the mountain slopes have a temperate, 
continental, desertic climate with extreme temperatures. The mean annual temperature ranges 
from 15 to 18 degrees C., the extreme maximum temperature can reach 42 degrees C. and the 
extreme minimum temperature can fall to –20 degrees C. Precipitation is highly variable from 
year to year, ranging from less than 50 mm to over 300 mm and falling mostly from 
November to May. In most of the region, annual rainfall does not exceed 200 mm and in 
much is less than 100 mm. It is rich in species of Ephedra L., Calligonum L., Heliotropium L. 
and Astragalus. There is also an "outstanding halophytic flora and vegetation" (Mobayen 
1964, Zohary 1973). 
 
b) The Irano-Turanian mountain zone 
This sub-region has a dry and cold climate, temperate summer and the annual precipitation is 
about 400 mm. Fruit trees, medicinal and industrial plants can be found in this region. Tree 
species like Quercus brantii Lindl., Juniperus excelsa M. Bieb., Celtis tournefortii Lam., 
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Pyrus glabra Boiss., and other plants like: Astragalus spp., Artemisia aucheri Boiss., Allium 
spp., Bromus tomentellus Boiss. (Mobayen 1964, Zohary 1973). 
 
1. 3. 2. The Hyrcanian floristic region is found on the northern slopes of Alborz Mountains, 
up to the Caspian Sea. It is one of the remnants of natural closed-canopy deciduous forests in 
the world. The south Caspian forests, which form a long and narrow vegetation belt on the 
northward slopes of the Alborz Mountains, are characterized by a Euro-Siberian flora unique 
to Iran. These forests are dominated by temperate broad-leaved deciduous trees, of which 
some are thermophilous Tertiary relicts i.e. Zelkova carpinifolia Dippel, Parrotia persica 
C.A. Mey., Pterocarya fraxinifolia (Poir.) Spach, Quercus castaneifolia C.A. Mey. and some 
others are Asian subtropical trees such as Gleditsia caspica Desf. and Albizia julibrissin 
Durazz. (Djamali et al. 2008). These forests are characterized by three altitudinal vegetation 
belts (i.e. lowland, sub-montane and montane) ranging from sea level to 2500 m. 
The Hyrcanian forests are climatically very different from other areas in Iran by having a high 
annual precipitation (600–2000 mm), a considerable part of which falls in summer. The high 
air humidity (40-90%) and temperature minimum 0 to 5 (mild winter) and maximum 30-34 
degrees C., make most of this area suitable for mesic forest (Sabeti 1969, Siadati et al. 2010).  
The Caspian (Hyrcanian) lowland forest zone in northern Iran is characterized by small 
remnant alder forest communities, dominated or subdominated by an Euxino-Hyrcanian 
element, Alnus glutinosa ssp. barbata. Totally, 209 taxa are present out of which are 25 
Hyrcanian endemic. Classification based on life form, indicates that the geophytes and 
phanerophytes make up the largest proportion of the plants in that flora (Ghahreman 2006). 
Today, the lowest zone of these forests has been deforested and replaced largely by cultivated 
lands, human settlements and/or industry. Due to this land conversion, many plant 
species are restricted to isolated remnants of a formerly more widespread lowland habitat.  
 
This region is much affected by Euro-Siberian and Pluri-regional elements (71%).  
 
1. 3. 3. Sudanian 
This region goes from southern slopes of Lar-Makran mountain to coastal region of Persian-
Gulf and Oman sea and also northern part of Persian-Gulf’s islands in Iran. The vegetation 
comprises more Xerophytes and steppic plants. Low rainfall in summer (0 to 100 mm) and 
dry winter. The temperature range from minimum 5 °C to maximum 43 °C. (Mobayen 1964, 
Zohary 1973) 
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1. 3. 4. Saharo-Arabian  
The Saharo-Arabian region has long been recognized by various authors as a well-delineated 
entity. It occupies a broad belt in north-western Africa between the Sudanian and the 
Mauritanian Steppe province. From Cyrenaica eastwards, this belt broadens considerably and 
reaches almost the Mediterranean Sea. (Fig. 1.4). In Iran it is restricted to only a small part of 
South-Western part. 
The ecological conditions of this region are very harsh, both climatically and edaphically, 
with regard to plant life. The annual rainfall ranges between 0 mm to 100 mm with 25-50 mm 
on average for the greater part of the region. The general pattern of this climate is a short and 
mild winter and a long and drier summer. The mean temperature of the coldest month 
(January) scarcely exceeds 0 °C and summer temperatures can reach 48 °C with low moisture. 
Rains are scarce and irregular but torrential and the difference in rainfall between two 
consecutive years may vary from 50% to 80%. The monthly distribution within the seasons is 
also very erratic, and rainless years are quite frequent. 
The flora of this region is characterized by few species but a relatively high number of genera 
and families dues to a many monotypic genera. In contrast to its neighboring regions (I-T), 
the Sahara-Arabian region has not been an important center of diversity. Many of its species 
are relatives of Mediterranean, Irano-Turanian and Sudanian taxa (Artemisia ). (Mobayen 
























































































































































Chapter II: VERBASCUM  
2.1. Introduction  
The Figwort Family or the Scrophulariaceae s.l. is a large family belonging to Order 
Lamiales, consisting mainly of north temperate herbs and a few shrubs. Some genera are 
parasite (in the old sense) and some attractive garden ornamentals (Heywood 1993, Judd 
1999, Simpson 2006, Bremer 2009).  
The Scrophulariaceae is widely distributed from temperate to tropical regions (Fig. 2.1), but 
especially diverse in Africa and is a cosmopolitan family, most of the genera like 
Scrophularia L., Verbascum L., Eremophila R.Br., Limosella L. and Leucophyllum Humb. & 
Bonpl. being mainly north temperate. As there are no large trees in the family, it is relatively 




Figure 2.1: Distribution map of Scrophulariaceae (Stevens 2001, APGIII website, 2015, 
http://www.mobot.org/MOBOT/research/APweb/orders/lamialesweb.htm#Scrophulariaceae) 
 
2.2. Classification of Scrophulariaceae 
Twenty years ago Scrophulariaceae had about 306 genera and over 5,850 species (Bentham 
1846 and 1876, Fischer 2004). It was traditionally treated as the largest family in the Lamiales 
and it consisted of three sub-families: Pseudosolaneae, Antirrhinoideae and Rhinanthoideae. 
Molecular phylogenetic analysis based on rbcL and ndhF, have revealed thepolyphyly of the 
family (Olmstead and Reeves 1995). After more molecular studies by Olmstead et al. (2001) 
and Oxelman et al. (2005), Scrophulariaceae s.l was divided into the several families like 
Plantaginaceae, Orobanchaceae, … and Scrophulariaceae s.s, the latter divided to: 
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Hemimerideae, Aptosimeae, Verbasceae, Manuleae, Selagineae, Buddlejaceae and 
Myoporaceae (Rahmanzadeh 2005, Tank et al. 2006). 
 
2.3. Age of Scrophulariaceae 
Bell et al. (2010) estimated an age of (58-) 53, 51 (-45) m.y. for the clade (fig. 2.2) 
(Myoporum Banks & Sol. ex G. Forst., Scrophularia L., Verbascum L.). 
 
 
Fig 2.2: Scrophulariaceae clade, Bell et al. (2010) 
 
2.4. The genus Verbascum L.  
Verbascum belongs to the Family Scrophulariaceae sensu stricto, tribe Verbasceae and it is 
one of its major genera (Judd 1999, Olmstead 2001, Fischer 2004, Oxelman 2005). It 
comprises about 360 species worldwide (Heywood 1993, Mabberley 2008) and 44 species in 
Iran (Huber-Morath 1981, Sharifnia 2011, Sotoodeh et al. 2014 and 2015). Hybrids are very 
often found where two or more species grow together. They are intermediate forms between 
their parents in most morphological features (Ferguson 1972, Huber-Morath 1978, 1981, 
Murbeck 1933). 
Preliminary phylogenetic studies of the genus Verbascum were done with molecular markers 





2.5. Type of genus 
Taxa belonging to Verbascum were described before Linnaeus’s time (Karaveliogullari 2008): 
the genus was named Arcturus by Belli in 1601, as synonym of Blattaria by Morison in 1715. 
In 1753, Linnaeus named specimens with 4 stamens Celsia L. and specimens with 5 stamens 
Verbascum L.. 
 
Linnaeus described Verbascum thapsus in his Species Plantarum (1753). The specific epithet 
thapsus had been first used by Theophrastus for an unspecified herb from the Ancient Greek 
settlement of Thapsos, near modern Syracuse, Sicily, though it is often assimilated to the 
ancient Tunisian city of Thapsus (Charters 2015). 
 
Huber-Morath in 1971 assigned the lectotype of Verbascum to specimen 242.1 of Linnaeus' 
herbarium (fig. 2.3), the only V. thapsus specimen (NHM website: Retrieved 2015, 
http://www.nhm.ac.uk/research-curation/research/projects/linnaean-
typification/database/detail.dsml?ID=925400). Huber-Morath did not explicitly cite the sheet 




Figure 2.3: lectotype of Verbascum thapsus of Linnaeus' herbarium 
 
Some taxa belonging to Celsia were renamed Allonsoa by Ruis. and Pav. in 1786, 
Scrophularia by Wydler in 1828, Thapsandra by Griseb. in 1844, Janthe by Griseb. in 1844, 
Triguera by Dunal in 1852, Alectra by Schintz in 1889. 
Finally in 1891, Kuntze sunk the genus Celsia under Verbascum again. This was later 
confirmed by Ferguson (1972) and Huber-Morath (1978, 1981). The genera Staurophragma 
(and synonymed with Verbascum natolicum (Fisch. & C.A.Mey.) Hub.-Mor.) was combined 
under Verbascum by some authors (Murbeck 1925, 1933; Huber-Morath 1978,  






Table 2.1: history of Verbascum names 
Genus name by 
Arcturus Belli 1601 
synonym of Blattaria Morison 1715 
4 stamens as Celsia L. 
5 stamens as Verbascum L. 
Linnaeus 1753 










Combination of Celsia and Verbascum Kuntze 1891 
Separation of Celsia from Verbascum Murbeck 1933 
Combination  of Staurophragma and Verbascum Murbeck 1925, 1933; 
Huber-Morath  1978 
All genera combined to Verbascum Ferguson 1972, Huber-
Morath 1978, 1981 
 
2.6. Ecology, Habitat and Distribution 
Verbascum species are adapted to different ecological conditions, such as dry and sunny 
habitats, semi-open habitats such as roadsides, stony slopes, open forests, mountains, dry 
grasslands, forest clearings, semi-deserts and ruderal places.  
Flowers of Verbascum are pollinated by a variety of nectar-gathering insects. Seeds are 
dispersed by wind (Judd 1999). 
 
Based on Murbeck (1933), Heywood (1993) and Judd (1999), Verbascum is widely 
distributed in north temperate, Europe, Asia and Africa (fig. 2.4) and has been introduced in 
several other countries including Australia and North America. From the family 
Scrophulariaceae, only Scrophularia and Verbascum occur in the continental United State and 
Canada (Judd 1999). 228 species are found in Anatolia (Huber-Morath 1978, Mabberley 
2008), this region is the main center of diversification.  
In Iran about 48% of Iranian Verbascum species are distributed in the Northwest provinces, in 
the neighboring of the Turkish Anatolia (Sharifnia 2007). They can be found in different parts 




Figure 2.4: World distribution of genus Verbascum (Murbeck 1933) 
 
 






2.7. Endemicity of Verbascum in Iran: 
Among the 44 Verbascum species distributed in Iran, 21 are endemic to Iran (47,7%) (Table 
2.2). Most of endemic species (93%) belong to Iriano-Turanian (Iranian part), while 15 (34%) 
belong to Hyrcanian and 2 (4.5%) belong to Sudanian floristic region (Huber-Morath 1981, 
Sharifnia 2011, Sotoodeh et al. 2015).  
 
Table 2.2: Endemic and non-endemic list of Verbascum species in Iran (I-T: Irano-Turanian, 
Hyr.: Hyrcanian, Sud.: Sudanian) (Huber-Morath 1981, Sharifnia 2011, Sotoodeh et al. 2015) 
 
 Taxon I-T Hyr. Sud. 
Endemic species 
1 V. intricatum Kuntze x   
2 V. aucheri (Boiss.) Hub.-Mor. x   
3 V. disjectum (Murb.) Hub.-Mor. x   
4 V. suworowianum Kuntze var. pseudopersicum (Murb.) Hub.-Mor. x   
5 V. farsistanicum (Murb.) Hub.-Mor. x  x 
6 V. austroiranicum Hub.-Mor. x   
7 V. lyprocarpum (Murb.) Hub.-Mor. x   
8 V. carmanicum (Bornm.) Hub.-Mor. * x   
9 V. gabrieliae (Bornm.) Hub.-Mor. * x   
10 
V. pseudodigitalis Nábělek var. pseudodigitalis  
-- var. phoenicandrum Murb. 
x   
11 V. kochiiforme Boiss. & Hausskn. ex Boiss. x   
12 V. hasarense Freyn & Bornm. x   
13 V. carduchorum Bornm. x   
14 V. phyllostachyum Boiss. & Hausskn. ex Boiss. x   
15 V. sublobatum Murb.  x  
16 V. stachydiforme Boiss. & Buhse x x  
17 
V. haussknechtianum Hub.-Mor. var. haussknechtianum  
 -- var. fallacinum (Bornm.) Hub.-Mor. 
x   
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18 V. azerbaijanense Sharifnia & Assadi * x   
19 V. scoparium Mozaff.   x 
20 V. shahsavarensis Sotoodeh, Attar & Civeyrel (New species) x x  
21 V. parsana Sotoodeh, Attar & Civeyrel (New species, under press)  x  
Non-Endemic Species 
22 V. orientale (L.) All. x x  
23 V. nudicaule (Wydler) Takht. * x   
- 
V. suworowianum Kuntze var. suworowianum 
  -- var. acuminatum (Murb.) Hub.-Mor. 
x   
24 V. agrimoniifolium (K.Koch) Hub.-Mor. subsp. agrimoniifolium x x  
25 V. phoeniceum L. x   
26 V. flavidum Freyn & Bornm. x   
27 V. bornmuellerfunum Hub.-Mor. x   
28 V. blattaria L. x x  
29 V. macrocarpum Boiss. x   
30 
V. oreophilum K.Koch var. Joannis (Bordz.) Hub.-Mor. 
-- var. oreophilum     (new record) 
x x  
31 V. assurense Bornm. & Hand.-Mazz. var. singaricum (Murb.) Hub.-Mor.   x   
32 V. saccatum K.Koch x   
33 V. punalense Boiss. & Buhse  x  
34 V. thapsus L. x x  
35 V. erianthum Benth. x   
36 
V. songaricum Schrenk subsp. songaricum 
-- subsp. subdecurrens Hub.-Mor.  
x x  
37 V. speciosum Schrad. x x  
38 
V. cheiranthifolium Boiss. var. transcaspicum Murb. 
-- var. asperulum (Boiss.) Murb.   (new record) 
x x  
39 
V. sinuatum L. var. sinuatum 
-- var. adenosepalum Murb. 
x x  
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40 V. gossypinum M.Bieb. x x  
41 
V. szovitsianum Boiss. var. szovitsianum 
-- var. adenothyrsum Murb. 
x   
42 
V. alceoides Boiss. & Hausskn. ex Boiss. var. alceoides 
-- var. galanteum (new record by Ghahraman, but not published) 
x   
43 V. alepense Benth. x   
44 V. pyramidatum M.Bieb. x   







Total endemic number: 21 (47,7%) 
 
* Sharifnia (2007) introduced a new species V. azerbaijanense and also she put V. straussii 
(Bornm.) Hub.-Mor.  as synonym of V. nudicaule and also V. kermanense Hub.-Mor.  as 
synonym of V. gabrieliae. 
 
 Two field trips in Iran were done in 2012 and 2014, with more than 3000 km for each trip for 
collecting specimens. In figure 2.6 collection sites and list of species is given: 
 
 
Figure 2.6: Collection sites of Verbascum species. 1- V. aucheri, 2. V. carduchorum, 3. V. 
cheiranthifolium, 4. V. erianthum, 5. V. gossypinum, 6. V. oreophilum, 7. V. punalense, 8. V. 
shahsavarensis, 9. V. sinuatum, 10. V. songaricum, 11. V. songaricum var. subdecurrent, 12. 
V. speciosum, 13. V. sublobatum, 14. V. Thapsus, 15. V. phoeniceum, 16. V. pseudodigitalis. 
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Totally, 96 taxa from Iran were collected in silica-gel from fresh material in the field and from 
herbarium specimens from Central Herbarium of Tehran (TUH) for DNA extraction. 13 taxa 
were removed from analysis as some of them didn’t work at all because they were very old or 
they were duplicate taxa. Some of them were found as new species (Sotoodeh et al. 2015 and 
Sotoodeh et al. submitted) and new records (Sotoodeh et al. 2014). The complete list of 
samples is given in appendix 1 (Article 4). 
 
2.8. Economical features of Verbascum: 
Some members of this genus have been commonly grown as ornamental and used for their 
medicinal effects in traditional medicine (Judd 1999, Heywood 1993). It is known that 
flowers of some species have mucolytic and expectorant effects. Leaves have been used as 
diuretic, sudorific, expectorant, sedative and constipate and seeds of Verbascum species (i.e 
V. cheiranthifolium Boiss.) are used for fishing because of their saponin contents which are 
toxic to fish (Baytop 1999, Akdemir et al. 2003, Khoshnoud et al. 2008). Many species in the 
genus i.e. V. thapsus L., V. fruticulosum Post. V. undulatum Lam., V. cheiranthifolium, V. 
georgicum Benth., V. chionophyllum Hub.-Mor., V. cilicicum Boiss., V. pterocalycinum var. 
mutense Hub.-Mor., V. pycnostachyum Boiss. & Helder., V. splendidum Boiss., and V. 
sinuatum L. have been investigated for their antibacterial, antifungal, antiviral, antimalarial 
and insecticide activities through in-vitro and in-vivo tests (Dülger et al. 2002, Akdemir et al. 
2003, Sengül et al. 2005, Khoshnoud et al. 2008, Sener and Dülger 2009).  
 
2.9. Morphology of Verbascum:  
Based on the different floras and resources (De Candolle 1837; Franchet 1868, 1875; Boissier 
1879; Murbeck 1933; Parsa 1952; Huber-Morath 1978; Feinbrun-Dothan 1978; Huber-
Morath 1981; Fedtschenko 1997; Ibn 2007; Karavelioğulları & Aytaç 2008; Benedi 2009; 
Sharifnia 2011; Nesom 2012; Sodooteh et al. 2014, 2015), Verbascum L. (including Celsia L.) 
can be described as follows: 
 
Habit: Annual, biennial or perennial herbs, rarely small shrubs. 
Stems: erect, glabrous or variously glabrate, puberulent, hirsute, tomentose, or floccose, 
sometimes glabrescent, stipitate-glandular or eglandular.  
Leaves: alternate (very rarely opposite), the basal forming a rosette. Petiole present or absent; 
simple or divided, blade margins entire to serrate, crenate, dentate, sinuate, or lobed. 
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Indumentum: Plants glabrous or with indumentum of eglandular or glandular, simple or 
branched hairs. (fig 2.7) 
 
 
Figure 2.7: different types of hairs of Verbascum (Murbeck 1933) 
 
Inflorescences: in terminal racemes, spikes or panicles. 
Flowers: bisexual, solitary or clustered in fascicles; bracts present (Figure 2.8, F).  
Pedicels: present or absent, sometimes reduced (Figure 2.8, D). 
Bracteoles: present or absent. 
Calyx: equally (or very rarely unequally divided) 5-lobed (Figure 2.8, A, C & E). 
Corolla: usually yellow, rarely white, violet or purple, brown or yellowish or bluish green 
with a very short tube and a rotate (sometimes with purple center or red-tinged tips), nearly 
equally 5-lobed limb (actinomorphic or somewhat zygomorphic) , lobes linear-oblong to 




Figure 2.8: Calyx forms (A-C, E), Corolla (D), Stamens (F-G) (Source: Murbeck 1933) 
 
Stamens: 4 or 5 (sometimes 4 fertile and 1 staminode); inserted at the base of corolla, equal 
to subequal or anterior pair longer (Figure 2.8, F, G). 
Filaments: usually densely villous, sometimes anterior (proximal) pair glabrous, with 
yellowish or purple-violet hairs, or rarely glabrous, all equal or two anterior (lower) longer 
and thicker (Fig. 2.9). 
 
 
Figure 2.9: Different types of Stamen, 1, 2 anthers reniform, medifixed: 1 filaments hairy up 
to anther (V. orientale). 2 filament glabrous near apex (V. laetum). 3 anther obliquely inserted 
(V. songaricum subsp. subdecurrens). 4-7 anthers longitudinally inserted, ± decurrent: 4 
Filament hairy up to anther. (V. armenum). 5 filament glabrous near apex (V. ovalifolium). 6 




Three types of anther are found in the genus (fig. 2.9) Those of the 2 or 3 posterior (upper) 
stamens are always reniform and transversely medifixed; those of the 2 anterior (lower) 
stamens may be similar (transversely medifixed), or 2) may be elongate, longitudinally 
inserted, and decurrent or 3) rarely obliquely inserted on the filament. These three types are 
referred to below as reniform, decurrent and sub-decurrent respectively (Fig. 2.9) (Murbeck 
1933, Huber-Morath 1978 and 1981). 
 




Figure 2.10: Different types of Style in Verbascum (Hubber-Morath 1978) 
 
Ovary: 2-locular, placentation axile;  
Capsule: septicidal, symmetric, globose, oblong-ovoid, broadly elliptic or cylindrical. They 
are formed by two sub-equal locules, and dehiscence is septicidal (Juan et al. 1997).  
Seeds numerous (10 in V. sinuatum to 475 V. giganteum), small, obconical-prismatic, 
transversely pitted (Fig 2.11. B), tan or brown, conically cylindric, usually pitted and rugose, 
appearing transversely and longitudinally ribbed (Fig 2.11. A). Seed size ranges from 0.3 mm 




Figure 2.11: Seeds in Verbascum (Source: Hubber-Morath 1978) 
 
2.10. Chromosome counts  
Chromosome counts of 2n = 18, 22, 28, 30, 32, 34, 36, 40 have been reported for species of 
Verbascum. The base number is not clear, different number reported for genus Verbascum are 
n= 8, 15, 18 and n=9, 11, 17 (Darlington and Wylie 1956, Love and Love 1961, Krahulcová  
1990). 
 
2.11. Characters used for intra and infra-generic classification 
Hartl (1959) classed the seed surface among the genera in Scrophulariaceae family into two 
types based on detailed seed anatomy,“Scrophularia type” including Scrophularia, 
Verbascum, Celsia L. and some Sutera Roth, and “Torenia type” including Torenia L., 
Vandellia P. Brown ex. L., Tetranema Benth. and several Russelia Jacq. species.  
Juan et al. (1997) studied the micromorphology of seed and capsule of ten Verbascum 
species growing in Spain and reported that capsule indumentum is the most useful character 
grouping the species under the genus. He distinguished two groups of species based on 
indumentum of capsules, which can be simple or dendroid. Attar et al. (2007) investigated the 
micro-morphological features of seeds and capsule surface of more than 22 species 
distributed in Iran. She emphasized that while the micromorphological features of the seeds of 
the genus Verbascum possess value for discriminating the taxa especially species level, they 
are not useful for infrageneric classification in the genus. Another research on the micro-
morphology and anatomy of eight species of Verbascum found in West Azerbaijan was done 
by Kheiri et al. (2009). They concluded that some characters related to the seeds such as seed 
shape and structures of alveoli and ridges shows intra-specific variability and do not possess 
value for delimitating the taxa.  
Cabi in 2011 investigated using SEM (Scanning Electron Microscopy) and LM (Light 
Microscopy) external seed morphologies of 30 taxa of Verbascum Group A of Turkey. His 
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study showed that seeds vary from oblong, oblong prismatic, trigonious prismatic, prismatic, 
ovoid to elliptic in shape. The results of this study showed that considerable taxonomic 
insight can be gained from study of seed characters of Verbascum, especially at the species 
level. The variation in seed morphology is manifested mainly in shape, size, colour, seed coat 
ornamentation. To make a conclusion about the delimitation under the genus Verbascum 
based on the seed characteristics, all taxa included in the genus should be studied 
comparatively. 
 
2.12. Diagnostic characters 
Some of diagnostic characters that use to distinguish Verbascum species are as follows:  
Stamen numbers, stamen hair color, anther shape, capsule shape and size, number of flowers 
per node/bract and presence or absence of bracteole. 
  
The genus Verbascum has been divided by Murbeck (1933) into two sections based on seed 
morphology: 
1) sect. Bothrospermae Murb. (transversal ridged alveolate seeds). 
2) sect. Aulacospermae Murb. (seeds are longitudinal ridged). 
All taxa distributed in Turkey and Iran belong to section Bothrospermae Murb. (Murbeck 
1925, 1933, 1939; Huber-Morath 1978, 1981). 
 In section Bothrospermae, there are two sub-section based on having single or multi-flower 
in each bracts. In Iran (Huber-Morath 1981) 29 species belong to sub-section I (Fasciculate) 




































Chapter III: Verbascum articles  
 
3.1. Introduction: 
During my work on some new collected or herbarium specimens, I noticed some different or 
un-named samples which I couldn’t determine using available floras and resources. This 
resulted to publish one article to introduce two new taxa (Verbascum oreophilum Koch var. 
oreophilum and Verbascum cheiranthifolium var. asperulum (Boiss.) Murb.) to flora of Iran 
as “new records” which previously had recorded only for flora of Turkey. In two other 
articles, I introduced two new endemic species (Verbascum shahsavarensis Sotoodeh, Attar, 
Civeyrel and Verbascum parsana Sotoodeh, Attar, Civeyrel) to the flora of Iran which in the 












































































3.4. Article 3 (Accepted): A new species of Verbascum L. (Scrophulariaceae) from the 




A new species of Verbascum L. (Scrophulariaceae) from the Gilan province (Iran), based 
on morphological and molecular evidences  
Une nouvelle espèce de Verbascum L. (Scrophulariaceae) de la province de Gilan (Iran), 
basée sur des caractères morphologiques et moléculaires 
ARASH SOTOODEH1, F. ATTAR2 and L. CIVEYREL1 
1 Université de Toulouse, UPS, EcoLab, 118 route de Narbonne, Toulouse 31062 cx9 France. 
arash29@gmail.com 
2 Central Herbarium of Tehran University, School of Biology, College of Science, University 
of Tehran, Tehran, Iran 
 
Abstract 
A new endemic species from north of Iran: Verbascum parsana Sotoodeh, Attar & Civeyrel, 
sp. nov. is described. Considering the combination of some characteristics like ebracteolate 
and single flowers, violet hairs on filaments, pedicel size between 3 to 10 mm and stellate-
glandular indumentum, the new species is related to Verbascum punalense Boiss. & Buhse, 
but several differences have been observed between the two species: the shape of the anthers, 
the petiole of basal leaves, the corolla size and the calyx hairs. We investigate the genetic 
distance of the new species with close genera using ITS and plastid regions (trnS-G, trnL-F, 
trnH-psbA and partial matK). The new species showed significant molecular and 




Une nouvelle espèce endémique de la province de Gilan dans le nord de l'Iran: Verbascum 
parsana Sotoodeh, Attar & Civeyrel, sp. nov. est décrite. Considérant la combinaison de 
certaines caractéristiques comme des fleurs solitaires et sans bractéoles, des poils violets sur 
les filaments des anthères, la taille du pédoncule floral entre 3 à 10 mm, les feuilles basales 
pétiolées et les poils étoilés ou glanduleux, cette nouvelle espèce est proche de Verbascum 
punalense Boiss. & Buhse, mais diffère par plusieurs caractères concernant la forme des 
anthères, la longueur du pétiole des feuilles basales, la taille de la corolle et les poils du calice. 
Nous avons réalisé une analyse de distance en comparant les séquences de ces espèces avec 
ITS et des régions plastidiques (trnS-G, trnL-F, trnH-psbA et une partie de matK) et les 
caractères morphologiques. Les analyses de distance morphologique comme moléculaire avec 
les espèces proches ont montré une séparation significative avec les autres Verbascum et 
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permettent de conclure qu’il s’agit bien d’une espèce distincte. Photos et carte de distribution 
sont présentés. 
Keywords: Verbascum punalense, Scrophulariaceae, Phylogeny, new species, Gilan, Iran 
Mots clés: Verbascum punalense, Scrophulariaceae, phylogénie, nouvelle espèce, Gilan, Iran 
 
INTRODUCTION 
The genus Verbascum L. (Scrophulariaceae) in Iran includes 43 species and three hybrids 
(Huber-Morath 1981, Sharifnia 2011, Sotoodeh et al. 2014, 2015) from which 20 are 
endemic. The genus Verbascum is widespread in Iran, nevertheless most of the species of 
Verbascum have a restricted distribution in Iran, with the exception of V. cheiranthifolium 
Boissier and V. songaricum Schrenk ex Fisch & C. A. Meyer, which have the broadest 
distribution in Irano-Turanian region. Species are more abundant in the Northwest regions 
(Huber-Morath 1981) especially Irano-Turanian and Hyrcanian regions than in the southern 
desert regions. Huber-Morath (1981) divided this genus in Flora Iranica into two groups 
based on indumentum type and number of flowers in each axil. The other important 
characters of Verbascum include the number of stamens, the color of hairs’s filaments, the 
size of corolla and the length of pedicels.  
The new species was encountered during a systematic revision of Iranian Verbascum as part 
of the first author’s Ph.D thesis. Examining Verbascum specimens in the Central Herbarium 
of Tehran University (TUH after Holmgren et al. 1990), an un-named specimen was noticed 
(collected by: Moazzeni & Keshvari, TUH 34941, 12/8/2004). It did not match any known 
species and was different of the other Iranian species. We used all the published taxonomic 
and molecular works available for Verbascum for comparison (Murbeck 1933; Parsa 1952; 
Huber-Morath 1978; Feinbrun-Dothan 1978; Huber-Morath 1981; Fedtschenko 1997; 
Karavelioğulları & Aytaç 2008; Sharifnia 2011; Ghahremaninejad et al. 2015; Sotoodeh et al. 
2014, 2015) and it remained distinct to all species checked. Also we investigated the distance 
of the new species with close genera using ITS and plastid regions (trnS-G, trnL-F, trnH-psbA 
and partial matK). 
 
MATERIALS AND METHODS 
The specimens compared with different Iranian Verbascum collections in various European 
(MPU, K, BM) and Iranian (TUH, TEH, HKS, IRAN, TARI) herbaria and also from 
specimens scanned from other Herbaria on Jstor Global Plants (plant.jstor.org). When we 
compared the unidentified specimen, the only species that could be mistaken with this new 
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species was V. punalense Boiss. & Buhse, because of having single flowers, stellate and 
glandular hairs and the same number of stamens. Nevertheless it differs in corolla size and its 
hairs, anther shape, basal leaves and petioles. Also we incorporated all available species of 
Verbascum in the phylogenetic analysis (Sotoodeh 2015, data in progress, not shown).  
To discriminate Verbascum parsana, V. punalense and V. shahsavarensis, we performed 
hierarchical clustering (R function hclust) on the characters and visualized the results as a 
dendrogram. The dendrogram was constructed based on the five genes sequences and also 
their morphological characteristics. Morphological characters considered are given in Table 1 
and the matrix formed by morphological and molecular data in Appendix 1. The distance tree 
created using the “dist” (euclidean distance) and hclust (average or UPGMA method) of R 
function (Dunn 2004, Parikh 2010; Paradis 2011; Baselga 2012; Murtagh 2014). 
 
 RESULTS: 
Verbascum parsana Sotoodeh, Attar, Civeyrel, sp. nov. (Fig. 1)—TYPUS: IRAN. Gilan: 
Asalem to Khalkhal (Asbdavani), 1876 m, 37° 37' 4.68" N 48° 46' 02" E, 12 VIII 2004, 
Moazzeni & Keshvari 34941 (holo–, TUH!). 
 
Planta verosimilter biennis, indument cinereo e pilis stellato-ramosis, glandulosa. Folia 
basalia oblonga-elliptica, margine crenata, petiolata; caulina basalibus conformia sed minora, 
non decurrentia. Inflorescentia  paniculato-ramosa; bracteae linear-acuminatae; pedicellus 
usque 8 mm longus; calyx 4–6 mm longus; corolla lutea, 15 mm diam., extus stellato-
glandulosa; stamina 5; filamenta dense villoso-velutina violacea ; filamenta antica apice nuda; 
stigma. Capsula elliptica, obtus, 5–7 mm longa, stellato-glandulosa 
 
Examined specimens: 
Verbascum hervieri Degen:—Spain. Le Pozo, 1500m, 1905, Elisée Reverchon 1375 (P, 
[P03803835, 03803836, 03803837, 03803838] images!). 
Verbascum microcarpum Benth:—Mesopotamia, 1837, Aucher-Eloy 2458 (P, [P03287023] 
image!) 
Verbascum punalense Boiss. & Buhse:—Iran. Tonekabon, 1085m, 2012, Arash Sotoodeh 
43467 (TUH!); Tonekabon, 250m, 2012, Arash Sotoodeh 43464 (TUH!); Gilan, 1893, Punal 
Buhse –no number (K!, type); Mazandaran, Kujur, 1800m, 1948, Rechinger 6543 (BM!) 
Verbascum shahsavarensis Sotoodeh, Attar & Civeyrel:—Iran. Tonekabon, 1570m, 2014, 
Arash Sotoodeh AS.29 (holo–, TUH!; iso–, P[P04021689]!). 
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Verbascum siculum Tod. Ex Lojac.:—Italy. Bosco Bauli Siracusa, 1976, Brullo 057058 
(CAT, image!). 
Verbascum spectabile M. Bieb.:—Turkey. Giresum-Susehri, 1700 m, 1977, Max Nydegger 
12948 (P, [P03836032] image!); Tauria, 1875, (P, image!) 
Verbascum subnivale Boiss. & Hausskn. ex Boiss.:—Turkey. Montis Berytdagh, 9000 ped, 
1865, Haussknecht –no number (iso–, JE [JE00007237], P, [P03287723] image!) 
Verbascum virgatum Stokes:— 1885, Beddome 5631 (BM!); France. Rennes, Legris (P, 
image!); Cognac-le-Froid, 1954, 3190 (P, image!); Spain. Huelva Galarosa, 1931, E. Gros (P, 
[P03986576] image!);. 
Verbascum wiedemannianum Fisch. & C.A.May:—Turkey. Karasar-Gecidi, 1650m, 1987, 
Nydegger 15535 (P, [P03807346] image!); Merzifoun, 1891/92, Manissadjian 182 (P, 
[P03287104, 03287105] images!); Paphlagonia, Wilajet Kastambuli Tossia Seke, Sintenis 
4010 (P, [P03287101, 03287103, 03287106] images!); Arac-Kastamonu, 1985, Norman 7 
(K!); SE of Bayburt, 1150m, 1965, Mathew & Tomlinson 4340 (K!); Keyseri-Bonyan, 1954, 
Davis 21793 (K!). 
 
Plant, probably biennial, covered by sparse gray stellate and glandular hairs on basal parts and 
mostly glandular on inflorescence region. Stem up to 60 cm long, terete. Basal leaves oblong-
elliptic, semi-crenate at margin, with up to 5 cm long petiole, tapering toward apex, 5–8 × 2–3 
cm; cauline leaves are similar to basal ones but smaller, not decurrent. Inflorescence 
paniculiform, lax; flowers single at the axil of each bract; bracts linear-acuminate; bracteoles 
absent; pedicel up to 8 mm long (Fig. 1B, C), covered with stellate and glandular hairs; calyx 
4–6 mm long, divided, with elliptic segments (Fig. 1B, C); corolla yellow, 15 mm in diam 
(Fig. 1D), densely stellate and glandular hairy outside; stamens 5; hairs of filaments violet; 2 
anterior stamens naked from the top to ¾ (blue arrows Fig. 1E), only the last quarter of the 
filaments close to the corolla hairy (Fig. 1E); anthers reniform, 4–5 mm long; stigma 4–5 mm 
(Fig. 1D). Capsule elliptic-obtuse, 5–7 mm long, covered with dense stellate and glandular 
hairs (Fig. 1C). 
 
Description, Habitat and Ecology 
V. parsana is known only from the type specimen and one locality (type location) in north of 
Iran (Fig. 2). Based on present study it is a narrow endemic taxon. The new species grows on 




The epithet is to honor Dr. Ahmad Parsa (1907–1997), the first Iranian botanist who produced 
important concepts for flora of Iran. 
 
DISCUSSION AND CONCLUSION 
The new species described as V. parsana has a combination of characters that is uncommon 
within the genus Verbascum. Only a few species have both stellate and glandular hairs 
together such as V. punalense and V. sinuatum L. var. adenosepalum Murb.. If we consider 
the combination of characteristics: ebracteolate and single flowers, violet hairs on filaments, 
pedicel size between 3 to 10 mm and stellate-glandular indumentum, the new species is 
closely related to V. punalense but cannot be mistaken with it because it has no decurrent 
anthers, the basal leaves are narrow, the corolla is smaller, its calyx lobes are acute and have 
sparse glandular-stellate hairs (Table1).  
Based on Murbeck (1933), the new species belongs to the subsection II, Singuliflora, and to 
the group ebracteolata. Seven species have been described in this section. But they all differ 
from V. parsana. 
There is no species looking like this new species in any of the recent floras published since 
then (Ferguson 1972, Feinbrun-Dothan 1978, Huber-Morath 1978, Huber-Morath 1981, 
Fedtschenko 1997, Ibn Tattou 2007, Benedi 2009, Sharifnia 2011). 
The phylogenetic dendrograms constructed using distance method on molecular data and on 
morphological data, confirm the difference of our new species with V. punalense and V. 













TABLE 1. Main characters distinguishing V. parsana Sotoodeh, Attar & Civeyrel, sp. nov. 
from V. punalense  
 V. punalense V. parsana 
Anther decurrent reniform 
Calyx lobes shape ovate or oblong-elliptic, 
obtuse 
ovate, acute 
Calyx indumentum dense stipitate-glandular hairs sparse glandular+ stellate hairs 
Corolla 25–40 mm long, outside 
sparsely branched hairs 
15 mm long, outside densely 
stellate+glandular hairs 
Basal leaves 50–60 × 12×15 cm, oblong, 
irregularly double crenate at 
margin 
10 × 4 cm, elliptic, attenuate at 
base, indistinctly crenate at 
margin 
Petiole of basal 
leaves 
absent 5 cm long 
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Legends of figures 
Fig. 1.– Verbascum parsana Sotoodeh, Attar & Civeyrel, sp. nov., A, herbarium specimen; B, 
C, a part of inflorescence and fruits, bract and no bracteole; d, corolla and andicecium; e, 
arrows shows two anterior anthers. (Photographs from the type specimen by A. Sotoodeh. 
 
Fig.  2.– Distribution of Verbascum parsana Sotoodeh, Attar & Civeyrel, sp. nov.. The 
magnified view on the right is from Google map (maps.google.com). 
 
Fig. 3.– Distance based trees on morphological (left) and genetic (right) characters used to 
differentiate species of Verbascum parsana Sotoodeh, Attar & Civeyrel, sp. nov., V. 
punalense and V. shahsavarensis. 
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FIGURE 1. Verbascum parsana Sotoodeh, Attar & Civeyrel, sp. nov., A, herbarium 
specimen; B, C, a part of inflorescence and fruits, bract and no bracteole; d, corolla and 









FIGURE 2. Distribution of Verbascum parsana Sotoodeh, Attar & Civeyrel, sp. nov.. The 
magnified view on the right is from Google map (maps.google.com). 
 
FIGURE 3. Distance based trees on morphological (left) and genetic (right) characters used 
to differentiate species of Verbascum parsana Sotoodeh, Attar & Civeyrel, sp. nov., V. 
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Molecular Phylogeny of Iranian Verbascum (Scrophulariaceae) using Nuclear and 
Chloroplastic regions 
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Abstract—Verbascum belongs to Scrophulariaceae and comprises about 360 species 
worldwide and 44 species in Iran. It is widely distributed in north temperate, Europe, Asia and 
Africa. There is no robust subgeneric classification for this genus in Flora Iranica and in 
other floras, however according to inflorescence and indumentum features two categories and 
two subcategories have been introduced for Iranian Verbascum. There are no vigorous 
phylogenetic or morphological studies for this genus up to now. To understand the 
evolutionary history of this genus and to find any correlation between molecular and 
morphological characters, and to compare with the previous studies, we have sampled 77 taxa 
in 37 species and sequenced them with Nuclear (ITS) and four Chloroplastic (trnL-F, trn S-G, 
trnH-psbA and matK) regions. Our phylogenetic results can not support the current 
infrageneric classification. And also it would be difficult to say that there are no link between 
molecular and morphological characters, so more molecular studies with more taxon sampling 
is suggested.  
Keywords—chloroplast DNA, Iran, nuclear DNA. 
 
INTRODUCTION 
The genus Verbascum L. (Scrophulariaceae) includes between 360 (Heywood 1993) and 400 
species in the Old World and 44 species and three hybrids in Iran (Huber-Morath 1981, 
Sharifnia 2011, Sotoodeh et al. 2014, 2015).  
Verbascum is distributed throughout Iran, nevertheless most of the species of Verbascum have 
a restricted distribution, with the exception of V. cheiranthifolium Boissier and V. songaricum 
Schrenk ex Fisch & C. A. Meyer, which have the broadest distribution in Irano-Turanian 
region (Sotoodeh et al. 2014, 2015). Species are more abundant (48%) in the Northwest 
regions (Huber-Morath 1981, Sharifnia 2007) especially Irano-Turanian and Hyrcanian 
regions than in the southern desert regions. Based on our study, from 44 Iranian Verbascum 
species, 41 species are found in Irano-Turanian, from which 15 species are in Hyrcanian 
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region and only two species are found in Sudanian floristic region. Among them, 14 species 
occur in both Irano-Turanian and Hyrcanian regions, one species: V. farsistanicum is in both 
Irano-Turanian and Sudanian regions. Only one species (V. scoparium) is restricted to the 
Sudanian floristic region. 
The ecology of this genus in Iran is very diverse, with species occurring in wet or arid plains, 
forests and alpine regions (Huber-Morath 1981). They can be found on rocky, stony, sandy or 
dry slopes, on limestone soils, on sandy, grassy, wormwood or semidesert areas, on dry 
steppes or steppes with alkalin soils, sometimes on river banks or valleys, on hills, sandy 
places, gardens, pastures, along mountain rivers and in meadows. 
Linnaeus (1753) named specimens with 4 stamens Celsia L. and specimens with 5 stamens 
Verbascum L. and described Verbascum thapsus in his Species Plantarum. Two genus 
Verbascum L. and Celsia L. were combined later by Ferguson (1972) and Huber-Morath 
(1978, 1981).  
As no holotype was designated by Linnaeus for Verbascum, the lectotype of Verbascum was 
assigned to specimen 242.1 of Linnaeus' herbarium, the only V. thapsus specimen, in 1971 by 
Huber-Morath (NHM website: Retrieved 2015, http://www.nhm.ac.uk/research-
curation/research/projects/linnaean-typification/database/detail.dsml?ID=925400). 
Classification and determination of Verbascum species are based on important morphological 
characters and we have examined several characters used for taxonomic delimitation like the 
number of stamens, anther shapes, color of hairs’s filaments, size of corolla, absence or 
presence of bracteoles, length of pedicels, length of calyx and fruit shape and its indumentum. 
Based on these characters, different classification have been proposed.  
The first classification for this large genus has been done by Boissier (1879) in Flora 
orientalis. He grouped the species into two sections based on two anterior stamens, decurrent 
or reniform. Sect. I. Thapsus: with two decurrent stamens and Sect. II. Lychnitis: all stamens 
are reniform. 
Then, Murbeck (1933) divided this genus into two sections based on seed morphology: 1) 
sect. Bothrospermae Murb. including genera having transversal ridged alveolate seeds and 2) 
sect. Aulacospermae Murb. with genera that have seeds with longitudinal ridges. All taxa 
occuring in Turkey and Iran belong to section Bothrospermae Murb. (Murbeck 1925, 1933, 
1939, Huber-Morath 1978, 1981). In section Bothrospermae, there are two sub-section based 
on having single or multi-flower in each bracts. 
Huber-Morath (1978) for flora of Turkey made artificial groups from A to M based on: Fertile 
stamens 4 or 5, with or without branched hairs, each bract with a single or multi flowers in its 
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axil, present or absent of bracteole, anthers of two anterior stamens decurrent or reniform, 
cluster of flowers pedunculate or sessile, connective of two anterior anthers glabrous or 
papillose, color of filaments and pedicel size. 
For Flora Iranica Huber-Morath (1981) divided the genus in two categories based on 
indumentum type and number of flowers in each axil. Category A comprises: solitary flowers: 
one per axillary bract, and is subdivided into subcategories A1 & A2. Subcategory A1 is 
defined by having indumentum with only simple and/or glandular hairs; and subcategory A2 
is distinct by having indumentum composed of stellate hairs. Category B is defined by: 
Groups of flowers arranged in clusters at the axil of each axillary bract.  
The last classification has been done by Fedtschenko (1997) for flora of U.S.S.R. He followed 
Murbeck (1933): Section 1. Fasciculata: two or more flowers in each axil. And subsection 1a: 
Heterandra: two anterior stamens decurrent. Subsection 1b: Isandra: all stamens reniform. 
Section 2. Singuliflora: one flower in each axil. 
Juan et al. (1997) studied the micromorphology of seed and capsule of ten Verbascum species 
of Spain and put them in two groups based on having simple or dendroid indumentum of 
capsules. After, Attar et al. (2007) and Kheiri et al. (2009) investigated the micro-
morphological features of seeds and capsule surface of 22 and 4 species respectively, 
distributed in Iran. They emphasized that while the micromorphological features of the seeds 
of the genus Verbascum are valuable for discriminating the taxa especially at species level, 
they are not useful for infrageneric classification in the genus. Cabi (2011) studied external 
seed morphologies of 30 taxa (14 species) of Verbascum Group A of Turkey using SEM 
(Scanning Electron Microscopy) and LM (Light Microscopy). The results of his study showed 
that considerable taxonomic insight can be gained from study of seed characters of 
Verbascum, especially at the species level. Al-Hadeethy et al. (2014) studied 20 species of 
Verbascum in Iraq and introduced four groups based on pollen grains shapes. 
Ghahremaninejad et al. (2015) in their molecular study on 16 species of Iranian and 8 species 
of Turkish Verbascum, suggested that the current subgeneric classification of Verbascum 
(Murbeck 1933) does not properly reflect their phylogeny, and indicate that morphological 
characters are useful for species recognition, but less significant for infrageneric grouping.  
In our study, we are going to use the previous researches with more taxa for our phylogeny to 
investigate: 1) the evolutionary history of this genus for the first time in Iran with nearly all 
Iranian species (77 taxa representing 37 species) and when possible more than one sample 
from different geographical regions, 2) reconstruct the phylogenetic relationships within this 
genus using five selected molecular markers (ITS and the plastid regions trnS-G, trnL-F, 
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trnH-psbA and partial matK). 3) To test the correlation between morphological and 
phylogenetic classification in this genus. 
 
MATERIAL AND METHODS  
Sampling— We collected 77 taxa during different field trips in Iran and some from Central 
Herbarium of Tehran University (TUH) in silica-gel. For determination of collected and 
herbarium specimens of Verbascum, we used all available published taxonomic works 
(Murbeck 1933, 1939; Parsa 1952; Huber-Morath 1978; Feinbrun-Dothan 1978; Huber-
Morath 1981; Fedtschenko 1997; Karavelioğulları & Aytaç 2008; Sharifnia 2011; Sodooteh et 
al. 2014, 2015). 
During this study two species were found as new species (Sotoodeh et al. 2015 and submitted) 
and new records for Iran (Sotoodeh et al. 2014). The complete list of taxa is given in appendix 
1. We chose Digitalis purpurea L., Keckiella cordifolia (Benth.) Straw, Leucophyllum 
frutescens I. M. Johnst., Scrophularia canina L. and S. nodosa L. as outgroup. 
 
Extraction PCR and Sequencing—Total DNA was extracted from leaf samples using 
manufacturer protocols for DNeasy Plant Mini Kit (QIAGEN). PCR was performed in 25µl 
reaction mixture (0.2µl Taq, 0.5µl DNTP mix, primers each 0.25µl, 2µl MgCl2, 5µl Buffer, 
1µl DNA and 15.8 µl H2O) on a Thermocycler-Biometra and Techne-TC412.  
 
For ITS, PCR amplification was done with primers ITS LC-F and ITS LC-R (table 1) (Rémal 
2014). For ITS and chloroplastic regions, programs are given in the table 1. PCR products 
were controlled on 1.2% agarose gels and sent for purification and sequencing to GATC 









Table 1: Primers and PCR programmes for each molecular markers. 
Marker Primer Sequence 5’-3’ Reference Programme PCR 
psbA-trnH psbA F GTT ATG CAT GAA CGT AAT GCT C Sang et al. 1997 80°C-5min 35 x (94°C-30sec, 53°C-
30sec, 72°C-1min) 
72°C-10min   trnH (GUG) CGC GCA TGG TGG ATT CAC AAT CC 
Tate and Simpson 
2003 
trnL-L-F trnL (UAA) CGA AAT CGG TAG ACG CTA CG Taberlet et al. 1991 95°C-5min 35 x (96°C-5sec, 52°C-
5sec, 68°C-24sec) 
72°C-1min   trn F (GAA) ATT TGA ACT GGT GAC ACG AG Taberlet et al. 1991 
trnS-G trnS  GCU GCC GCT TTA GTC CAC TCA GC Hamilton 1999 96°C-5min 30 x (96°C-45sec, 52°C-
1min, 72°C-1min 
72°C-10min   trnG UCC GAA CGA ATC ACA CTT TTA CCA C Hamilton 1999 
matK 390F CGA TCT ATT CAT TCA ATA TTT C Cuénoud et al. 2002 95°C-5min 35 x (96°C-5sec, 48°C-
30sec, 72°C -1min) 
72°C -7 min   1326R TCT AGC ACA CGA AAG TCG AAG T Cuénoud et al. 2002 
ITS LC-F AGG AGA AGT CGT AAC AAG G Rémal 2014 94°C- 3min 33 x (94°C -1min, 50°C-
1min, 72°C -1min) 
72°C-7min   LC-R GTA ATC CCG CCT GAC CT Rémal 2014 
 
Alignment and Correction—Forward and reverse sequences were edited and corrected 
using Sequencher 5.2.4 software (GeneCode Corporation, Ann Arbor, Michigan, USA). 
Consensus sequences were manually aligned in a matrix using Paup* 4.0b10 software for 
Macintosh. Seven matrices (M1-7) were built with the datasets. Five matrices where built for 
five different regions (M1-M5). Matrix 6 (M6) was a combination of only chloroplastic 
regions (trnS-G, trnL-F, trnH-psbA and partial matK). Matrix M7 also created with 
combination of M1 (ITS) and M6 (Table 2). 
For testing the combinability between ITS and chloroplastic DNA datasets, one of the most 
intuitive measures of character incongruence is the ILD test, which was first proposed by 
Mickevich and Farris (1981) and further developed by Farris et al. (1994) available under 
PAUP* and called the “partition homogeneity” test. The ILD test (incongruence length 
differences test) was performed on our dataset.  
 
Bayesian inference (BI): Bayesian analyses for all datasets were conducted using 
MrBayes v3.2.6 (Ronquist et al., 2012) in the Cipres Science Gateway (Miller et al., 2010), 
with 20 million Markov chain Monte Carlo (MCMC) generations and two independent runs 
(nruns = 2), including three heated chains and one ‘cold’ chain per run (nchains = 4). The 
sample frequencywas set to 1000, and the heating parameter to 0.20.  
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Model selection was performed in jModelTest v2.1.1 (Darriba et al., 2012) with the default 
setting to select the best-fit DNA substitutionmodel for each dataset. 
Clade credibility values (posterior probabilities) for the combined data set were obtained from 
a 50% majority-rule consensus of the retained trees (burn-in = 0.25) from the two independent 
runs. An adequate burnin value for each analysis was assessed using the software Tracer1.5 
(Rambaut and Drummond, 2009). 
Parsimony analysis (MP): All dataset were analyzed using the same settings with the 
software, Paup*4.0b10 (Swofford 2002) under the maximum parsimony with options: unit 
weight, heuristic search, 1,000 replicates of random taxon-additions, and TBR (tree bisection-
reconnection) swapping with ACCTRAN (Accelerated transformation) of Character-state 
optimization to save the shortest trees. Then, keeping all the shortest trees in memory, and 
with Mul-Trees on, an extensive search was conducted to find all the most parsimonious trees 
with a number limit of 25000 trees. Confidence in specific clades of the resulting topology 
was estimated by bootstrap analysis. The settings used were: 1,000 replicates, keeping 
bootstrap frequencies from 50 to 100%, random addition of taxa, sampling characters with 
equal probability but applying weights (from SW), and TBR swapping (Tree Bisection and 
Reconnection) with 5 replications, but only keeping the optimum tree from each replicate, 




In all three trees (M1, M6 and M7) (fig. 1 and 2) the genus Verbascum is monophyletic with 
bootstrap support of 72 in M1, 100 in M6 and M7. As the phylogenetic dataset is divided into 
smaller partitions that could have experienced distinct evolutionary histories, we tested the 
dataset. The ILD test didn’t show significant incongruency (P=0.001) between ITS and 
chloroplastic regions, so we decided to combine them. Anyway we noticed two cases of 
incongruence between the two trees, which will be discussed later. 
Comparing ITS with chloroplastic regions shows that the ITS region provide more variable 
and potentially informative sites (17.46%) than any of the other chloroplastic regions alone. 
The percentage of well-supported clades in ITS (58%) is also higher than each chloroplastic 
region and even the combined one (51.21%). The tree topology of each chloroplastic region 
has lots of polytomy and doesn’t produce well-resolved branches while the resolution and 
topology is better in the combined chloroplastic and also in ITS separately. After combining 
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the ITS and chloroplastic region, percentage of well-supported clades shows better result 
(61.36%) (Table 2).  
The strict consensus tree of 25000 trees for M1 and M6 are shown in Fig.1 and 50% majority-
rule consensus tree from Maximum parsimony and Bayesian Inferences analysis for M7 is 
shown in Fig.2.  
Results from ITS matrix (M1), combined chloroplastic regions (M6) and combined 
ITS+chloroplastic (M7) will be presented and discussed later. We plotted two (fig. 1) and four 
(fig. 2) of the main morphological characters defined and used by Murbeck (1933) or Huber-
Morath (1978, 1981) for grouping species, on our phylogenetic tree.  
 
 
Table 2: Numerical results from the parsimony analysis of the different molecular markers 



















ITS + cp 
Number of Taxa (ingroup) 77 77 77 77 76 77 77 
Total length of matrix 670 989 964 746 914 3613 4283 
Number of parsimony 
















Tree length (number of 
steps) 
445 308 263 266 253 1118 1601 
Consistency index (CI) 0.687 0.825 0.897 0.849 0.869 0.839 0.777 
Retention index (RI) 0.788 0.802 0.889 0.838 0.881 0.825 0.788 
Rescaled consistency  index 
(RC) 
0.542 0.662 0.798 0.712 0.766 0.692 0.613 
Total number of supported 
clades 

















Supported clades (70-85) 4 3 3 6 3 10 8 
Weakly supported clades 
(50-70) 





Figure 1: Strict concensus of 25000 equally parsimonious trees from the ITS analysis (Matrix 
1, left) and the combined chloroplastic regions analysis (Matrix 6, right). Two characters are 
plotted on the tree: i) Grouping of flowers on each axil : 1- Solitary, Fasciculate and 
pedunculate cluster of flowers, 2- ii) The number of stamens in flowers : Four or five . The 





Figure 2: 50% Majority-rule consensus tree from Bayesian inference of the combined 
chloroplastic region and ITS analysis (Matrix 7). Posterior probability values (PP) are 
indicated below branches and parsimony bootstrap values (BS) are indicated above branches. 
Four morphological characters are plotted in the figure. i) Solitary, fasciculate and 
pedunculate cluster of flowers are shown by different color of branches, ii) Stellate, glandular 
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or simple hairs are shown by color lines before the taxa names and iii) stamen type are shown 
by blue circles (filled or empty) on the branches, iv) Four or five stamen are shown with two 
different colors in taxa font. Endemic taxa are signaled by a green dot before the name of the 
taxa and biogeographical regions are represented by colour lines on the right. 
 
In ITS tree (M1), 17 clades are supported and 10 (%58) are well-supported. As we have often 
two samples for the same species we could have expected that they will be well supported but 
this is not always the case, most species are in polytomies. Only one clade grouping more 
than one species is supported. Clade A (BS=80) grouping V. sinuatum and two un-named taxa 
in a sub-clade A1 (BS=86). V. sinuatum and these two taxa were morphologically close 
together, but we couldn’t identify the two un-named taxa using flora keys. All taxa have 
fasciculate flowers and five stamens. 
Clade B groupV. nudicaule and V. sp 21270 with a high support (BS=93). These two taxa are 
very similar in habit and share in having solitary flowers and four stamens. 
Clade C grouping V. carmanicum, V. kermanense and V. gabrieliae is well supported 
(BS=94) and all have four stamens and solitary flowers in each axil. V. parsana and V. 
shahsavarensis, the new records (Sotoodeh et al. 2015 and submited), are in polytomy with V. 
punalense, V. stachydiform, V. carduchorum, V. erianthum, V. phoeniceum, V. haesarense, V. 
songaricum and V. speciosum (Fig.1). 
 
The combined chloroplastic tree (M6, Fig. 1, right) comprises 41 supported clades with 21 
well-supported (51.21%). From the top to the bottom of the strict consensus tree we found 
clade A that groups taxa all having solitary flowers and five stamens (V. alceoides, V. 
macrocarpum, V. saccatum in a sub-clade with weak support BS=70) as a sister clade to taxa 
V. pseudodigitalis var. pseudodigitalis and V. pseudodigitalis var. phoenicandrum with high 
support (BS=95). 
In a clade without support (*), V. sp 21270 is nested besides V. aucheri and V. intricatum 
which all have solitary flowers and four stamens. 
Clade B (BS=79), groups some species with solitary flowers and ‘four stamen’ taxa (V. 
austroiranicum, V. farsistanicum, V. scoparium, V. disjectum) in three sub-clades. 
The clade C (BS=75) is formed by two well supported sub-clades C1 and C2. clade C1 
(BS=88) (Fig. 1, right) grouping taxa having solitary flowers and four stamens: V. 
carmanicum, V. kermanense and V. gabrieliae and clade C2 (BS=95) comprises taxa having 
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fasciculate flowers and five stamens. The Clade C2-1 with a high bootstrap support (BS=93) 
comprises V. thapsus and the two un-named taxa in a sub-clade (BS=87). 
Clade D (BS=70), comprises taxa having fasciculate flowers and four stamens:  V. 
oreophilum var. joannis, V. oreophilum var. oreophilum, and species with solitary flowers and 
five stamens: V. parsana and V. punalense. 
Clade E, a well-supported clade (BS=88), groups taxa with fasciculate flowers and five 
stamens : V. sublobatum and V. stachydiforme.  
The last Verbascum group is clade F (BS=88), with one sample of V. blattaria with five 
stamens and two of V. orientale with four stamens which is the first diverging lineage and 
make a sister clade with all verbascum in the tree. They have solitary flowers. 
 
The strict consensus combined chloroplastic and ITS tree (M7 Fig. 2) has 44 supported 
clades with 27 well-supported (61.36%). Monophyly of the genus Verbascum is highly 
supported  (BS=100). 
From top to bottom we have a big clade (* in Fig. 2) not supported but present in all 25000 
trees and grouping clades A to F in polytomy and few isolated species. All the species except 
V. szovitsianum have solitary flowers. Verbascum szovitsianum is the only representative of 
fasciculate flowers but with pedunculate inflorescence axil in Iran.  
Clade A (BS=98) groups species with solitary flowers’s inflorescence, five stamens in two 
sub-clades. The first one (BS=88) groups V. alceoides, V. macrocarpum and V. saccatum and 
the second sub-clade (BS=64) endemics species V. pseudodigitalis var. phoenicandrum and V. 
pseudodigitalis var. pseudodigitalis. All taxa have stellate hairs with the exception of V. 
macrocarpum that has only glandular hairs. All the species have homogenous reniform 
anthers except V. alceoides and V. macrocarpum that have decurrent anther in their two lower 
stamens. 
 
The clade B is weakly supported (BS=66) and comprises two highly supported sub-clades, B1 
(BS=96) that groups V. alepense and V. assurense and its sister sub-clades that consists of all 
V. sinuatum taxa. All taxa in this clade share the same indumentum (stellate and glandular or 
simple hairs), have solitary flowers and five stamens, except V. assurence which has only 
stellate hair and four stamens. 
 
Clade C consists of V. aucheri and V. intricatum and supported by BS of 75.  These endemic 
species have solitary flowers, four stamens and glandular or simple indumentum. 
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Clade D comprises also only endemic species (BS=87). V. disjectum that occurs in center of 
Iran is the sister taxa of the group formed by with V. austroiranicum, V. farsistanicum and V. 
scoparium with distribution in the south parts of Iran. All taxa in this clade have solitary 
flowers, four stamens and share the same indumentum (glandular or simple hairs). (fig. 3). All 
these taxa belong to Irano-Turanian floristic region except V. scoparium that can be only find 
in Sudanian floristic region, and V. farsistanicum that can be find in both regions (Sharifnia 
2011).  
 
Figure 3: Distribution of V. disjectum, V. austroiranicum, V. farsistanicum and V. scoparium 
and their position in clade D from the combined analysis (M7) 
 
In Clade E (BS=99) V. gabrieliae is the sister taxa of three sub-clades consisting of V. 
carmanicuum and V. kermanense. These endemic species share the same characteristics: 
solitary flowers, four stamens and stellate and glandular or simple hairs. All these endemic 
taxa are in the south-east of Iran (fig. 4), and all belong to Irano-Turanian region. 
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Figure 4: Distribution of V. gabrieliae, V. carmanicuum and V. kermanense and their position 
in clade E from the combined analysis (M7)  
 
V. nudicaule and an un-named species (V. sp 21270) grouped in clade F, have solitary 
flowers, four stamens and only glandular or simple hairs (fig. 2) (BS=86). 
We will discuss now a big group of clades (** in Fig. 2) not supported but present in all 
25000 trees and grouping clades G to I, they are better structured than the clade *, but with no 
internal support.  
Clade G has a weak support (BS=55). All taxa have fasciculate flowers, five stamens and only 
stellate hairs. The anthers are homogenous except for V. shahsavarensis, which have lower 
decurrent anther. In the first sub-clades G1 (BS=60) the endemic V. shahsavarensis is the 
sister taxa of V. haesarense and V. songaricum in a sub-clade (BS=87) in polytomy, and V. 
carduchorum and V. erianthum in a sub-clade (BS=62). The two other sub-clades are formed 
of several samples of V. cheiranthifolium and V. speciosum taxa.  
Sister of group G, there is a small clade grouping V. sp. 42993 and V. sp. 22272 with V. 
thapsus with no bootstrap support. Those two taxa are one of the incongruence we have found 
in separate analysis that we will discuss later. 
The clade formed by two samples of Verbascum gossypinum (BS=100) is in polytomy with 
clade H, weakly supported (BS=62). Clade H can be subdivided in two main sub-clades: H1 
(V. oreophilum var. joannis and V. oreophilum var. oreophilum; BS=73) with fasciculate 
flowers and four stamens, and H2 (BS=92) with solitary flowers and five stamens. The clade 
H2 (BS=92), V. parsana is a sister taxa to V. punalense clade, and only V. punalense in this 
clade have decurrent anther in lower stamens. The indumentum of these two sub-clades are 
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also different: In H1, V. oreophilum var. joannis has only stellate hairs, while V. oreophilum 
var. oreophilum has both stellate and glandular. In H2, both type of indumentum can be 
found. All taxa in this clade are distributed in North of Iran (fig. 5) and belong to Hyrcanian 
floristic region, but V. oreophilum can be find in Irano-Turanian too. 
 
 
Figure 5: Distribution of V. oreophilum and V. punalense and their position in clade H from 
the combined analysis (M7)  and clade H 
 
The clade of the two samples of V. phoeniceum, with solitary flowers and glandular and 
simple hair (BS=96) is sister group of the well supported clade I (BS=94), that comprises only 
endemic taxa V. stachydiforme and V. sublobatum. They share having fasciculate flowers, five 
stamens and stellate hairs.  
The last clade J (fig. 3) groups V. orientale and V. blattaria with high bootsrap support 
(BS=90), and they share solitary flowers and glandular or simple hairs, but V. blattaria has 
five stamens and decurrent anther in lower stamens while V. orientale has ‘four stamens’and 
no decurrent anthers. This clade is a sister clade of the rest of Verbascum taxa in the tree. 
 
DISCUSSION 
The monophyly of the genus Verbascum in the three analyses is an important result, as it 
confirms the decision of Ferguson (1972) and Huber-Morath (1978, 1981) to sink the genus 
Celsia with four stamens into the genus Verbascum that have five stamens. It is in accordance 
with previous analysis on differents datasets (Remal 2014, Ghahremaninejad et al. 2015). 
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On top of the tree (* Fig. 2, clades A-F), taxa with four stamens are associated with taxa with 
five stamens, but they are often in polytomy, except in clade B1 (fig. 2) for V. assurence with 
four stamens grouped with V. alepense with five stamens, with a strong support (BS=96). In 
the lower part of the tree (** Fig. 2, clade H), V. oreophilum with four stamens is grouped 
with V. punalense and V. parsana with five stamens within the same clade (BS=62).  
 
We have mapped some characters used by Murbeck (1933) and Huber-Morath (1978, 1981) 
to establish sub-sections or groups, to test their taxonomic value: character I. single or multi-
flowers in each bract (solitary, sessile fasciculate cluster or pedunculate cluster of flowers 
(Fig. 6)), character II. indumentum (stellate, glandular or simple hairs), character III. anther 
insertion and shape (reniform, decurrent or oblique (Fig. 7)) and character IV. number of 
stamens (four or five) per flower. 
 
Figure 6: A. solitary, B. sessile fasciculate cluster of flowers, C. pedunculate cluster of 
flowers on each bract (From Murbeck 1933) 
 
Murbeck (1933) in his classification, proposed two sub-sections “singuliflora” or 
“fasciculata” based on single or multi-flowered inflorescences at the axil of each bract (Fig. 
6); Huber-Morath (1978) put taxa with pedunculate cluster of flowers in group G, and in 
1981, he also used the same character to divide Iranian Verbascum and put those taxa in 
“fasciculate group”, same as Murbeck (1933). We have distinguished plants with sessile 
cluster of flowers and pedunculate cluster of flowers in our analysis. The states of that 
character “solitary flowers” and “sessile cluster of flowers”  are polyphyletic. V.oreophilum 
with sessile cluster of fasciculate flowers is grouped with V. punalense and V. parsana that 
have single flowers at each bract (Fig. 2 clade H). V. szovitsianum is the only representative 
with pedunculate clusters of flowers in our tree, in the top of the tree (fig. 2 *), it is sister to 
clade E with taxa that have solitary flowers. 
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Huber-Morath (1978, 1981) also used hair’s morphology (stellate, glangular or simple) to 
group Verbascum. These character states are also polyphyletic. V. macrocarpum (Fig. 2 clade 
A) with glandular hairs is grouped with taxa with only stellate hairs, V. assurence with only 
stellate hairs is grouped with taxa having both stellate and glandular hairs (Fig. 2 clade B). 
 
There are three different states for the anther shape in the stamens: reniform, decurrent or 
oblique (Fig. 7). In our phylogeny, every state of this character is polyphyletic. V. 
macrocarpum, V. alceoides (clade A), V. punalense (clade H2) and V. blattaria (clade J) are 
grouped or sister to taxa with reniform stamens. V. thapsus, in a clade which is sister to clade 
G, and V. shahsavarensis (clade G1) with oblique stamens are grouped with taxa that have 
reniform stamens. 
 
Figure 7: Three different character states of anther shape on the stamen:  
A. reniform, B. oblique, C. decurrent 
 
The character defined as stamen number in Verbascum have two different states: 1. Four 
fertile stamens, 2. Five fertile stamens.  
 
Huber-Morath (1978) used the number of stamens as a character for grouping the Verbascum 
in flora of Turkey; he put plants with four stamens or with four stamen and a staminode 
(antherless) in group A, and plant with five fertile stamens in groups B to M. This character is 
polyphyletic. 
 
A precise look at the M7 (Fig. 2) can show a combined pattern of characters as following: 1) 
Plants with “Single flower” do not have “stellate hairs” alone. 2) Plants with “Four stamens” 
are never associated with “decurrent or oblique” anthers. 3) Plants with “Sessile fasciculate 
cluster of flowers” with “four or five stamens” have never only “glandular hairs”. So, 
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probably a combination of these characters may be helpful for grouping which we may can 
have better result if we include some missing Iranian species. 
 
Floristic regions are defined as geographical areas with distinct plant life or floras, and they 
are characterized by endemic taxa at the level of species or higher (Takhtajan 1986, 
Manafzadeh 2014). For Iran, Zohary (1973) distinguished four phytogeographical regions 1) 
Irano-Turanian, in most of the central Iranian plateau and its bordering highlands which is 
characterized by the extreme ranges in temperature, both diurnal and annual, low 
precipitation, two seasons of rest in plant life, hot and dry summer and the cold harsh winter, 
2) Hyrcanian (Sub-region of Euro-Siberian), in the south of Caspian region, characterized by 
high annual precipitation (600–2000 mm), a considerable part of which falls in summer, high 
air humidity (40-90%) and temperature minimum 0 to 5 (mild winter) and maximum 30-34 
degrees, 3) Sudanian, in southern Iran is characterized by low rainfall in summer (0 to 1000 
mm) and dry winter, and the temperature range from 5° C to 43° C, 4) Saharo-Arabian in 
southwestern of Iran which has very harsh ecological conditions, both climatically and 
edaphically, very low annual rainfall (0 to 100 mm), low moisture, short and mild winter, 
long and dry summer and the mean temperature of the coldest month (January) scarcely 
exceeds 0 °C and summer temperatures can reach 48 °C. 
 
We mapped three different floristic regions on our tree (Fig. 2) which correspond to the 
Iranian Verbascum to investigate biogeographic distribution of this genus. 
Some endemic species from the same floristic region and same geographical distribution form 
monophyletic groups (Fig. 2 clades D, and E, Fig. 3-4). V. disjectum with distribution in 
center of Iran groups with taxa from south regions of Iran (Fig. 2 clade D).  
Clade E groups three taxa V. kermanense and V. carmanicum and V. gabrieliae all collected at 
altitude more than 2500 m but on different mountains. The first two were collected from two 
different regions of mountain Hazar, a massif of the Central Iranian Plateau, in Kerman 
province, an eastern outlier of the Zagros Mountains. V. gabrieliae were collected from 
Taftan mountain in southeastern Iran situated in the Sistan and Baluchestan province. 
 
Our phylogenetic analysis with the available species also confirm the situation of V. 
shahsavarensis (Sotoodeh et al. 2015) (Fig. 3, clade G1) and V. parsana, that we had 
described as new species (Sotoodeh et al. submitted) (Fig. 3, clade H2), as separate taxa. 
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The positions of V. sp. 42993 and V. sp. 22272 are in conflict within the two separate analyses 
(Fig. 1). For ITS, they are grouped together (Fig. 1, clade A1) (BS=86) with V. sinuatum 
(BS=80); but in the combined chloroplastic tree (Fig. 1 clade C2-1) these two taxa are 
grouped with V. thapsus (BS=93). In M7 they are combined with V. thapsus without support. 
We have verified the sequences in all separate matrices (data not shown), they are very 
similar to V. thapsus in each separate chloroplastic regions. Their sequences differ with V. 
thapsus for ITS but shows some similarities with the sequences of V. sinuatum. Moreover 
their distributions overlap, and V. sinuatum and V. thapsus are widespread species (Nesom 
2012) and they hybridize frequently with other species (Huber-Morath 1978, 1981). We 
suspect that those two taxa maybe hybrids between V. sinuatum and V. thapsus., as when we 
compared their morphology, we noticed several similarities like having semi-decurrent stem 
leaves like those two putative parents, yellow or white stamen hairs which are V. thapsus 
characteristics, and branching, pedicel size, calyx size that make them similar to V. sinuatum. 
 
We were not able to identify V. sp. 21270 with available floras. Its basal leaves are similar to 
those of V. nudicaule, and branching, indumentums and pedicel size look like V. intricatum. 
This taxon has a conflicting position: In ITS tree it is grouped with V. nudicaule (Fig.1, clade 
B), while its sequences has some differences with V. nudicaule (data not shown). In each 
chloroplastic tree V. sp. 21270 is in polytomy with other species except in trnL-F which it is 
grouped with V. aucheri and V. intricatum with a weak support (BS=62). In the combined 
chloroplastic tree it is grouped without support with V. aucheri and V. intricatum above clade 
B, and the same situation in the combined tree with a support of 75 (M7: Fig. 2 clade C). So, 
based on phylogenetic results and morphological investigations and overlapping distribution 
area, we suspect that it can be a hybrid between V. nudicaule and V. intricatum.  
 
Hadeeghy et al. (2014) defined four groups in Verbascum based on pollen grain shapes. Our 
study is not in accordance with their results as the mentioned species in his group, do not form 
monophyletic groups. 
Ghahremaninejad et al. (2015) published a phylogeny with one nuclear (ITS), three 
chloroplastic (trnS-G, psbA-trnH, trnY-T) regions and six morphological characters: stamen 
number, glandular or stellate hairs, fasciculate or solitary flowers, bracteoles, corolla color, 
and they refused all previous infrageneric classifications. 
If we compare our study with the phylogeny provided by (Ghahremaninejad et al. 2015) 
based on 22 species of which 16 are Iranian species, there are some similarities to our 
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phylogeny as we have taxa in common, but our data set is more complete, we have included 
37 species and despite having some taxa in common, we have noted some incongruences 
between the two analyses. 
V. alceoides is grouped with V. carduchorum and V. erianthum in their study, it is different 
with what we found where V. alceoides is grouped with V. macrocarpum and V. saccatum in 
clade A (Fig. 2), and V. carduchorum and V. erianthum are grouped with V. songaricum in 
clade G1 (Fig. 2). As we have verified all our specimens on different herbaria, this problem 
can probably be explained by the difference between data set or the misidentification of 
specimens in that study. As those sequences were not available on GenBank at the time of 
writing this article, it was not possible for us to do sequence comparison. 
 
Other studies on morphologies of Verbascum can be summarize here: 
Juan et al. (1997) studied on different characters especially capsule hair and seed surface, and 
they mentioned capsule hair may be useful for grouping while other characters can only be 
used for determination of species; Attar et al. (2007) also studied seed and capsule and 
confirmed the Juan (1997) results; Kheiri et al. 2009, studied leaf anatomy, seed micro-
morphology and fruit anatomy; Cabi et al. 2011, studied on seed morphology. All mentioned 
studied have been done using limited taxa and were agree that the studied characters are not 
useful for grouping Verbascum.  
 
CONCLUSION 
Our phylogeny analyses strongly supported the monophyly of the genus Verbascum, and it 
revealed complex patterns in the distribution of Verbascum in several different lineages, but 
as our study limited mainly to Iranian taxa, has limited the resolution of the analyses. 
 
We can conclude that the main morphological characters traditionally used to classify the 
genus suggested by Murbeck (1933) and Huber-Morath (1981) are not consistent with the 
molecular phylogeny, and have no infrageneric classification values, so all infrageneric 
classification and grouping recognised and suggested by Murbeck (1933) and Hubber-Morath 
(1978, 1981) can not demonstrate the natural division of this genus. 
 
Our results provided significant information for the evolutionary history of genus Verbascum, 
showing that most of the characters used to subdivide Verbascum into groups, have evolved 
several times in different clades. Anyway this convergent evolution is not randomly 
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distributed as some combination of characters never happens, for example plants with “Four 
stamens” are never associated with “decurrent or oblique” anthers.  
 
The inferred phylogenetic framework, especially the pattern of morphological combination 
characters, provides the foundation for future studies. To reveal a complete the evolutionary 
history and the diversification time of this genus we need to increase our sampling outside of 
Iran, to add taxa from other studies and to do molecular dating. 
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Appendix 1. Origin of specimens and herbarium vouchers for nuclear and 
chloroplastic regions of newly generated sequences. (TUH: Tehran University Herbarium, 
HKS: Herbarium of Kurdistan-Sanandaj, FUMH: Ferdowsi University Herbarium). 
Taxon    Collector (s) Coll. date 
Voucher 
(TUH) Locality (Iran), altitude 
 
INGROUPS 
V. agrimoniifolium Attar, Zamani, Fatemi 2006 38613 Orumieh, - 
V. agrimoniifolium Attar, Zamani 2011 42952 Orumieh, 1754 m 
V. alceoides Attar- Okhovat 1996 19511 Marivan, 1200 m 
V. alepense Attar, Hamzei, Zamani 2013 45541 Kermanshah, - 
V. assurense Ismail zadeh  2000 25395 Ilam, - 
V. aucheri -  1958 10654 Tehran, 2000 m 
V. austroiranicum Ghahreman,Attar,Mehdigholi 2000 25964 Yasuj, 2300 m 
V. blattaria Mozaffarian, Massoumi 1988 6941 Bandar anzali, -20 m 
V. carduchorum Sotoodeh, Civeyrel, Attar, Zamani 2014 AS13 
Tabriz, Kabdovan, 2179 
m 
V. carmanicum - - 26011 Kerman 
V. cheiranthifilium Sotoodeh 2012 43475 Tehran, 1462 m 
V. cheiranthifolium 
var. asperulum Attar- Zamani  2011 42973 Orumieh, 1754 m  
V. cheiranthifolium 
var. transcapsicum Attar, Zamani  2011 42955 Guilan, 1214 m 
V. cheiranthifolium 
var. transcapsicum Attar- Zamani  2011 42961 Ardebil, 1168 m 
V. cheiranthifolium 
var. transcapsicum Sotoodeh  2012 43474 Tehran, 1721 m 
V. disjectum Ghahreman,Mozaffarian  1987 5726 Semnan, 1150 m 
V. erianthum Sotoodeh, Civeyrel, Attar, Zamani  2014 AS09 
Orumieh, Tangever, 1800 
m 
V. farsistanicum Ghahreman,Mozaffarian  1986 5387 Bandar-Abas, 400-1700 m 
V. farsistanicum Mirtajeddini 2002 45736 Kerman, - 
V. gabrieliae Mozaffarian 1985 53182TARI Baluchestan- Taftan, 2500 m 
V. gossypinum Aghabeigi - 35632 Meshkinshahr, 1900 m 
V. gossypinum Sotoodeh-Attar-Zamani 2012 43569 Kaleibar, 1388 m 
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V. haesarense Memariani & Zangooei 1964m 2005 36792-FUMH Chenaran, 1964 m 
V. intricatum Sotoodeh 2012 43476 Tehran, 1920 m 
V. intricatum Sotoodeh 2012 AS33 Tehran, Tochal, 2000 m 
V. kermanense Ghahreman,Attar&Mehdigholi  2002 28583 Kerman, 2552 m 
V. kermanense Ghahreman, Attar & Mehdigholi  2002 28554 Kerman, 2550 m 
V. kermanense Mirtajeddini  2014 No number Kerman, 3300 m 
V. kochiiforme Attar- Dadjou  1994 17710 Khuzestan, 300 m 
V. macrocarpum 
Boiss. V. Mozaffarian  1986 54958 Lordegan, 1500-2300 m 
V. nudicaule (c.Koch). 
Kuntze Ghahreman-Mozaffarian  1994 17368 Tabriz, 1450 m 
V. oreophilum var. 
joannis Attar, Hamzei, Zamani 2009 40615 Orumieh, - 
V. oreophilum var. 
joannis Attar- Zamani  2011 42969 Orumieh, 1855 m 
V. oreophilum var. 
oreophilum Ghahreman- Attar- Dadjou  1994 17353 
Azerbaijan, Arasbaran, 
1350 m 
V. oreophilum var. 
oreophilum Attar, Zamani   2011 42964 Kaleibar, 849 m 
V. oreophilum var. 
oreophilum Arrar, Zamani  2011 42965 Kaleibar, 1229 m 
V. orientale Maroufi-Yousefi   2002 4299HKS Marivan, 850 m 
V. orientale L. A. Ghah. & V. Mozaff  1990 9651 Rudbar, 900 m 
V. parsana Moazzeni & Keshvari  2004 34941 Asalem, 1876 m 
V. phoeniceum L.  Ghahreman- Tarighi- Agustin  1978 10662 Azerbaijan, - 
V. phoeniceum L.  Sotoodeh-Attar-Zamani  2012 43477 Marivan, 1705 m 
V. pseudo-digitalis 
var. phoenicandrum Attar, Dadjou,Mehdi,Moja  1992 12954 Lorestan, 730 m 
V. pseudo-digitalis 
var. pseudo-digitalis Attar-Zamani  2011 42440 Kermanshah, 1510 m 
V. pseudo-digitalis 
var. pseudo-digitalis Sotoodeh, Attar, Zamani,  2012 43478 Marivan, 1326 m 
V. punalense Boiss. et 
Buhse Ghahreman, Aghustin  - 10663 Shahsavar, - 
V. punalense Boiss. et 
Buhse Sotoodeh  2012 43464 Shahsavar, 250 m 
V. punalense Boiss. et Sotoodeh  2012 43465 Shahsavar, 250 m 
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Buhse 
V. punalense Boiss. et 
Buhse Sotoodeh   2012 43467A Shahsavar, 1085 m 
V. saccatum Sotoodeh, Attar, Zamani 2012 43570 Kurdestan, 1388 m 
V. scoparium 
Mozaffarian Ghahraman, Mozaffarian  1989 8555 Bandar-Abas, 1700 m 
V. shahsavarensis Sotoodeh, Civeyrel, Attar, Zamani  2014 AS29 
Shahsavar, Sehezar, 1570 
m 
V. sinuatum Attar, Dadjou, Mehdi, Okhovat  1992 14250 Kurdestan, 1650 m 
V. sinuatum Attar & Mehdigholi  1999 22543 BoyerAhmad, 1860 m 
V. sinuatum Attar, Zamani  2011 42974A Orumieh, 1754 m 
V. sinuatum var 
adenosepalum Ghahreman, Attar, Mehdigholi  2000 25416 Golestan, 1350 m 
V. sinuatum var 
adenosepalum Attar, Zamani  2011 42963 Meshkin-Shahr, - 
V. sinuatum var. 
adenosepalum Attar, Dadjou  1994 17702 Khuzestan, 100 m 
V. sinuatum var. 
adenosepalum Attar, Zamani  2011 42967 Jolfa, 372 m 
V. songaricum Attar,  Zamani  2011 42972 Orumieh, 1855 m 
V. songaricum 
Schrenk Ghahreman, Attar & Mehdigholi  2002 28588 Kerman, 2552m 
V. songaricum Sotoodeh, Civeyrel, Attar, Zamani 2014 AS07 
Orumieh, Darband, 1879 
m 
V. songaricum Sotoodeh, Civeyrel, Attar, Zamani  2014 AS26 
Shahsavar, Sehezar, 1300 
m 
V. songaricum Sotoodeh, Civeyrel, Attar, Zamani  2014 AS12 
Tabriz, Kandovan, 2164 
m 
V. sp. Attar, Zamani  2014 42993 Birjand, 1700 m 
V. sp. Aliyabadi  1997 22272 Birjand, 1980 m 
V. speciosum Sotoodeh  2012 43473 Siabisheh, 2026 m 
V. speciosum Schrad Attar, Zamani  2011 42960 Asalem, 1992 m 
V. stachydiforme Attar, Dadjou  1993 17252 Kaleibar, 1600 m 
V. stachydiforme Sotoodeh  2012 43469 Kelardasht, 1070 m 
V. stachydiforme  Sotoodeh  2012 43471 Kelardasht, 1415 m 
V. sublobatum Sotoodeh  2012 43470 Kelardasht, 1415 m 
V. sublobatum Sotoodeh  2012 43468 A Kelardasht, 1070 m 
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V. sublobatum Sotoodeh  2012 43468 B Kelardasht, 1070 m 
V. sp. Ghahreman, Attar  1997 21270 Damavand, 1800 m 
V. szovitsianum Ghahreman, Attar  1994 17349B Azerbaijan, - 
V. szovitsianum var. 
szovitsianum Hamzehee  1998 28219 Azerbaijan, 600 m 
V. thapsus L.  Sotoodeh  2012 43472 Abasabad- Kelard. 1154 m 
 
OUTGROUPS 
Digitalis purpurea L. L. Civeyrel  1857 Cultivated (seeds from France) 
Keckiella cordifolia 
(Benth.) Straw O. Navé   ON47 
Cultivated 
(seeds from USA) 
Scrophularia canina L. O. Navé   ON40 France, 66 Saint Cyprien, 1 m 
Scrophularia nodosa L. O. Navé   ON49 Italia, Como, 225 m 
Leucophyllum 
frutescens I. M. 
Johnston 





























Chapter IV  -  Artemisia 
4.1. Introduction 
The Asteraceae (sunflower or daisy family) has a worldwide distribution (fig. 4.1), being 
absent only from the Antarctic mainland and poorly represented in the tropical rain forests 
(Heywood 1985). The Asteraceae consists of herbs, shrubs, trees or vines (Simpson 2006). 
This family belongs to Order Asterales. It is probably the largest plant family of Angiosperms 
(Judd et al. 2008, Stevens 2011), being in competition with Orchidaceae for the first place and 
comprises more than 1590 genera and 23600 species (Heywood 1985, Mabberley 2008). Such 
a big family has been divided into several subfamilies. Cassini was the first to group genera 
into tribes (1816). Then Carlquist (1976) and Wagenitz (1976) grouped grouped all tribes into 
Cichorioideae and Asteroideae subfamilies. Since then molecular phylogenetic studies have 
established a different classification of the Asteraceae. 
 
 
Figure 4.1: Asteraceae distribution from Heywood 1985 
 
Panero & Funk (2008) defined twelve subfamilies of Asteraceae using phylogenetic methods: 
Barnadesioideae, Mutisioideae, Stifftioideae, Wunderlichioideae, Gochnatioideae, 
Hecastocleidoideae, Carduoideae, Pertyoideae, Gymnarrhenoideae, Cichorioideae, 
Corymbioideae, and Asteroideae to which Astemisia belongs. The subfamily Asteroideae is 
monophyletic (Panero & Funk 2008, Panero et al. 2014).  
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The Asteroideae is the largest subfamily of the Asteraceae. According to Bremer (1994), a 
majority of Asteroideae are characterized by the presence of true ray florets, disc corollas with 
short lobes, caveate pollen, and style branches with two marginal stigmatic surfaces. 
The tribe Anthemideae from subfamily Asteroideae comprises of 109 genera (including 
Artemisia) and 1740 species (Watson et al. 2000). This tribe has a large distribution, with one 
of the three main centre of diversity within southern Africa (Bremer and Humphries 1993, 
Magee and Manning 2010).  
 
4.2. The genus Artemisia L. is the largest of the tribe Anthemideae and and also one of 
the largest genera of the family Asteraceae. It comprises more than 500 taxa at specific or 
sub-specific levels (the number varies depending on the authors: McArthur 1979, 1998, 
Oberprieler 2001, Vallès and McArthur 2001, Martin et al. 2003, Vallès and Garnatje 2005). 
It generally occurs in temperate areas of the Northern hemisphere, mainly in arid and semiarid 
environments, and has only a few taxa in the Southern hemisphere. Artemisia species are 
mostly perennial herbs and rarely annual or biennial plants (Valles et al. 2003, Hayat et al. 
2010, Garcia et al. 2011b, Pellicer et al. 2011a). It is usually the dominant plant in some plant 
communities such as steppe, subalpine steppe, shrubby steppe, semi-desert and desert steppe 
(Vallès and McArthur 2001). They are also recognized as indicator of steppe climate 
(Erdtman 1952). They also occur in some coastal plains or ranges in lower diversity, 
distributed mainly on uncultivated hillsides (Ling 1995, Vallès et al. 2003, Wang 2004). 
 
4.3. Origin and Diversification Centre 
The most important centre of diversification of Artemisia is Central Asia, then Europe, 
northern America and South Africa (Heywood 1985), and based on Ling (1982) and Valles & 
McArthur (2001) the Mediterranean region and Northwest America are two secondary 
speciation areas. A summary of the fossil record reveals that Artemisia probably originated in 
temperate Asia in the mid-Tertiary, possibly within early arid or sub-arid habitats. This genus 
was first recorded from the Oligocene of North and Central Asia including North-East, North, 
North-West and West China, mainly during the Miocene, whereas in South-West, South-East 
and South China it mostly occurred during the Miocene and Pliocene (Ling 1982). According 
to Tkach et al. (2008a and b), 17 to 22 migrations may have occurred from Asia into North 
America and two to four from North America to Asia. The most representative group of North 
American endemic Artemisia is subgenus Tridentatae. The Mediterranean region is an 
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important centre of diversification for Artemisia and especially Iran and Turkey which have 
one of the most diversified flora of SW Asia. Most of that floristic richness is found in the 
irano-turanian region, situated at a crossing-over of several biogeographical regions (Zohary 
1973, Davis 1965-1985). The flora of Iran host a unique floristic biodiversity, at least 7300 
vascular plant species with 24% of endemism (Rechinger 1963-2010, Ghahreman and Attar 
2000, Akhani 2006) and the flora of Turkey is even richer with 11707 vascular plants and 
33% of endemism (Güner 2012).  
 
4.4. Taxonomy  
The genus is taxonomically extremely complicated and difficult. Species display a great array 
of forms, and overlapping of features and morphologic polymorphisms are commonly seen 
(Gharhreman 2007, Pellicer et al. 2014, Haghighi et al. 2014a and 2014b). 
Many attempts have been done to establish an infrageneric classification of this large genus 
(Vallès & McArthur 2001) since De Candolle (1837) established large groups as sections 
(Appendix: IV), Poljakov (1961) in Flora of USSR divided Artemisia into three Subgenera: 1. 
Artemisia (sections: Abrotanum, Stellerianum,  Abrotanum and Absintium), 2. Dracunculus 
and 3. Seriphidium. Tutin et al. (1976) in Flora Europaea treated them as three sections: 
Artemisia (incl. Absinthium), Seriphidium, Dracunculus. Ling et al. (2008) in Flora of China 
defined seven sections as 1. Absinthium, 2. Abrotanum, 3. Artemisia, 4. Viscidipubes, 5. 
Albibractea, 6. Dracunculus and 7. Latilobus. Shultz (2008) treated them as four subgenera: 
1. Artemisia (Section: Artemisia, Absinthium), 2. Seriphidium, 3. Tridentatae sect. 
Tridentatae and 4. Dracunculus. 
The most recent classification, which is more or less widely accepted, is based mainly on the 
capitula type and florets fertility which lead to five major groups treated at subgeneric or 
sectional rank (Absinthium, Artemisia, Dracunculus, Seriphidium, Tridentatae) (Torrel 1999, 
Valles 2001, Pellicer et al. 2011a) (Table 4.1, Fig. 4.2 and 4.3), but in Flora Iranica (Podlech 
1986) and recent work on the genus in Turkey only subgenera: Artemisia, Seriphidium and 
Dracunculus are recognized (Kursat 2010; Kursat et al. 2011) (Absinthium and Artemisia are 
merged).  
A brief description of those subdivisions is given below: 
Subgen. Artemisia (originally named Abrotanum Besser): Heterogamous capitula with outer 
florets female and central florets hermaphrodite, and fertile and glabrous receptacle.  
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Subgen. Absinthium DC.: Heterogamous capitula with outer florets female and central florets 
hermaphrodite and fertile and hairy receptacle. Some authors merge this section into the 
former one.  
Subgen. Dracunculus Besser.: Heterogamous capitula with outer florets female and central 
florets hermaphrodite but female-sterile and glabrous receptacle. Cassini (1817) transferred 
the species of this section to a new genus, Oligosporus Cass. 
Subgen. Seriphidium and Tridentatae: Homogamous capitula with all florets hermaphrodite 
and fertile and glabrous receptacle. It also recognized as a genus (Table 4.1, Fig. 4.2 and 4.3) 
(Valles 2001). 
 
Table 4.1: Subgenera of Artemisia (Valles 2001) 
 Capitula receptacle floret 
Artemisia Heterogamous glabrous outer florets female and central florets 
hermaphrodite, and fertile Absinthium Heterogamous hairy 
Dracunculus Heterogamous glabrous outer florets female and central florets hermaphrodite but female-sterile 
Seriphidium and 




Figure 4.2. Diagrams of the flower head structure of each subgenus in Artemisia. i) 
Female florets, ii) hermaphrodite fertile florets, iii) hermaphrodite but functionally 





Figure 4.3. Some representatives of the genus Artemisia: a) Artemisia biennis L.; b) Artemisia 
desertorum Spreng.; c) Artemisia echegarayi Hieron.; d) Artemisia gmelinii Stechm.; e) 
Artemisia jacutica Drobow; f) Artemisia keiskeana Miq.; g) Artemisia mendozana DC.; h) 
Artemisia messerschmidtiana Besser; i) Artemisia nova A. Nelson; j, k, l) Artemisia palustris 
L.; m) Artemisia selengensis Turcz. ex Besser. (Photographs: J. Pellicer) (Pellicer et al. 
2011a). 
 
4.5. Artemisia in Iran: 
Artemisia (Asteraceae), with its common Persian name "Dermane" and the common English 
name "Wormwood", has 34 species which eight of them are endemic to Iran (Table 4.2) and 
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the widest distribution after Astragalus in Iran (Mozaffarian 1988, Ghasemi et al. 2007, 
Mozaffarian 2008). 
 
Table 4.2: List of Artemisia species in Iran with their synonyms, subgenus to which they 
belong, general distribution and the floristic regions where they are found (from Podlech 
1986, Mozaffarian 2008) 
Name Synonym Distr. gen 
Subgen. Artemisia 
1 A. vulgaris L.  Europa, North Africa, Iran, Afghanistan, 
Pakistan, Caucasus, central Asia, Sibiria, 
Mongolia, North America. (I-T, Hyr.) 
2 A. chamaemelifolia Vill. A. iberica Boiss. ex Boiss. & 
Buhse 
Europa, Iran, Caucasus, Sibiria. (I-T, Hyr.) 
3 A. tournefortiana Rchb.  North America, Iran, Turcomania, Afghanistan, 
Pakistan, C Asia. (I-T, Hyr.) 
4 A. annua L.  Europa meridionalis, Anatolia, Turcomania, 
Palaestina, Syria, Iran, Afghanistan, C Asia. 
 (I-T, Hyr.) 
5 A. splendens Willd. A. lasiocline Boiss. Anatolia, N Iraq, N Iran, Caucasus. (I-T, Hyr.) 
6 A. melanolepis Boiss.  Endem. (I-T, Hyr.) 
7 A. austriaca Jacq.  Central Europe, Anatolia, W Iran, Caucasia, 
Sibiria. (I-T, Hyr.) 
8 A. haussknechtii Boiss. A. haussknechtii var. 
capitellata Boiss. 
Anatolia, Iraq, Iran. (I-T) 
9 A. persica Boiss. A. subspinescens Boiss.,  
A. persica Boiss. var. 
subspinescens (Boiss.) 
Boiss. 
Iran, Afghanistan, Pakistan, Montes C Asia, 
Himalaya, Tibet. (I-T) 
10 A. absinthium L.  Europa, N Africa, Iran, Afghanistan, Pakistan, 
C Asia, Caucasus, Sibiria, Montes Himalaya. 
(I-T, Hyr.) 
11 A. kulbadica Boiss. & 
Buhse 
 Endem. (I-T, Hyr.) 
12 A. incana Druce tanacetum incanum L.,  
A. fasciculate M.Bieb. 
Anatolia, Iraq, Iran, Caucasus. (I-T, Hyr.) 
13 A. armeniaca Lam.  C. & S. Russia, Caucasia, E. Anatolia, N. Iran. 
Euro-Sib. Element. (I-T, Hyr.)  
Subgen. Dracunculus 
14 A. dracunculus L. A. pamirica C.Winkl.,  
A . simplicifolia Pamp. 
Europe, Iran, Afghanistan, Pakistan, India 
(Karakorum), C Asia, sibiria, Mongolia, N 
America. 
15 A. tschernieviana Besser A. arenaria DC. Europa orientalis, Iran, Caucasus, Asia 
eentralis. (I-T, Hyr.) 
16 A. scoparia Waldst. & 
Kit. 
A. kohatica Klatt Europa, Anatolia, Iraq, Iran, Turcomania, 
Afghanistan, Pakistan, Asia occidentalis et 
centralis, Caucasus, Sibiria. (I-T, Hyr.) 
17 A. campestris L.  N.W. Turkey, N., C. & E. Anatolia, Most of 
Europe, Iran, N.W. Africa. Very closely related 
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species occur in Asia and N. America. (Hyr.) 
18 A. marschalliana A. inodora Bieb. Iran, Caucasia. The occurrence of this species 
in Turkey-in-Europe is remarkable. (I-T, Hyr.) 
Subgen. Serephidium 
19 A. deserti Krasch.  Iran, Turcomania, NW Afghanistan, C Asia.  
(I-T) 
20 A. santolina Schrenk A. lobulifolia Boiss. Iran, C Asia. (I-T) 
21 A. lehmanniana Bunge A. korshinskyi Krasch. ex 
Poljakov, A. afghanica 
Rech.f. & Köie, A. aucheri 
subsp. kuhistanica 
Iran, Afghanistan, C Asia 
22 A. turanica Krasch. A. lamprocaulos Rech.f. Iran, Turcomania, Afghanistan, Pakistan, C 
Asia (I-T) 
23 A. diffusa Krasch. ex 
Poljakov 
A. turanica Krasch. var. 
diffusa (Krasch. ex Poljak.) 
Poljak. 
Turcomania, Iran, Afghanistan borealis, C Asia .
(I-T) 
24 A. kopetdaghensis 
Krasch., Popov & Lincz. 
ex Poljakov 
Artemisia badhysi Krasch. & 
Lincz. ex Poljakov 
NE Iran, Turcomania, Afghanistan. (I-T) 
25 A. turcomanica Gand.  Endem. (I-T) 
26 A. sieberi Besser A. glomerata Sieber ex 
Spreng., A. herba-alba Asso 
Palaestina, Syria, Iraq, Anatolia, Iran, 
Afghanistan, C Asia.  
 … subsp. Sieberi A. herba-alba Asso var. 
laxiflora Boiss., A. dumosa 
Poljakov 
boreo-orientalis (I-T) 
27 A. oliveriana J.Gay ex 
Besser 
A. serotina Bunge, A. 
sogdiana Bunge, A. 
maracandica Bunge, A. 
fragrans Willd. var. 
maracandica (Bunge)  
Boiss., A. herba-alba Asso 
var. densiflora Boiss., A. 
flavifolia 
Iran, Turcomania, Afghanistan, Pakistan, C 
Asia. (I-T) 
28 A. gypsacea Krasch., 
Popov & Lincz. ex 
Poljakov 
 Endem. (I-T) 
29 A. khorassanica Podlech  Endem. (I-T) 
30 A. quettensis Podlech  Endem. (I-T) 
31 A. aucheri Boiss.  Endem. (I-T) 
32 A. ciniformis Krasch. & 
Popov ex Poljakov 
 Endem. (I-T) 
33 A. fragrans Willd. A. fragrans Willd. var. 
phyllostachys Boiss. 
Armenia, Iran, Caucasus, C Asia. (I-T) 
34 A. spicigera K.Koch A. macra Boiss. & Hausskn. Anatolia, Iran. (I-T) 
 
Artemisia is one of the main characteristical genera found in steppes of Iran and Turkey and is 
especially common in Irano-Turanian and Hyrcanian regions. Artemisia aucheri Boiss. and A. 
sieberi Besser forms the dominant vegetation of many steppes and semi steppes in the main 
part of Irano-Turanin region (Mozaffarian 1988, Gharhreman 2007). From the view of 
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biogeography, in Iran and Turkey, 14 taxa out of 26 in Turkey (54%) and 24 from Iran (63%) 
are in common. The Irano-Turanian region is especially rich of taxa from subgenera: 
Artemisia (19 taxa out of 48) and Seriphidium (17 out of 48) and a few belong to Hyrcanian, 
Mediteranian and Euxinian floristic zones. 
 
4.6. Chromosome number and Polyploidy 
Artemisia has two basic chromosome numbers, with ploidy levels ranging from diploid to 
dodecaploid for x = 9 and from diploid to hexaploid for x = 8. The most common basic 
chromosome number in the Anthemideae is x=9 except for the annual A. scoparia Waldst. & 
Kitam., a species with the dysploid basic chromosome number x = 8 (Valles & al., 2001 and 
references therein).  
A karyological study of the genus Artemisia L. has also done by Saedi et al. (2005). They 
found the two usual basic numbers in the genus: x=9, the most common one (in two diploid 
and three tetraploid populations) and x=8 (in three diploid populations).  
Polyploidy is important in the differentiation and variation of Artemisia species in general, 
and specially in Tridentatae species. It can influence fertility and plant strength. In general, 
polyploids have higher heterozygosity than diploids (McArthur 1989; Cronn and Wendel 
2003).  
Chromosome data currently available show polyploidy is the most significant evolutionary 
trend in chromosome number within Asteraceae (Carr et al. 1999; Valles et al. 2005; 
Chehregani et al. 2010, Abdolkarim 2011). 
 
4.7. Morphology 
Habit annual, biennial or perennial herb or shrub, usually aromatic. 
Leaves alternate, usually divided. 
Inflorescence a panicle, sometimes rather strict and raceme-like, 
Capitula numerous, small, sometimes aggregated in paniculate or corymbose clusters at ends 
of branches, homogamous or heterogamous. with pistillate all tubular, central ones 
hermaphrodite or functionally male.  
Involucre hemispherical, ovoid, goblet-shaped or cup-shaped, up to 8(10) mm wide; 
phyllaries or involucral bracts few-seriate, with scarious margins. herbaceous or 
coriaceous-herbaceous, imbricate, in 2-6 irregular rows, outer bracts gradually reducing and 
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considerably shorter than inner bracts or all bracts almost equal, all or some with more or less 
distinct membranous border. 
Receptacle without scales, usually convex, conical, or hemispherical, less often almost flat, 
glabrous or somewhat hairy. 
Flowers brownish, reddish or yellowish.  
Calyx (Pappus) absent or represented by a small scarious ring.  
Wind-pollinated.  
Anthers lacking distinct basal appendage, linear, with lanceolate or oblong-lanceolate, acute, 
less often sub-obtuse apical appendage. 
pollen grains globose, with smooth or almost smooth surface, always non-spinulose. Prolate 
to perprolate in the equatorial view and is three-lobed circular in the polar view. The pollen 
grains are usually radially symmetrical, isopolar, tricolporate, with echinate sculpture. This is 
in agreement with previous work by Wodehose (1935) who divided the pollen type of the 
genus into 4 classes based on the size of the spine vestiges. Artemisia pollen grains in Iran 
belong to the first class (with conspicuous spine vestiges). The characteristics of pollen grains 
are not of much taxonomic significance in Artemisia.  
Stigma (style) bifid, lobes of stigma in peripheral pistillate florets usually narrow-linear, 
apically more or less narrowed, acute or subobtuse, lacking hairs or cilia, in bisexual central 
florets linear, apically truncate, barbate from upright hairs; style of rudimentary pistil of 
staminate florets apically not bifid, infundibuliform, with erect ciliate hairs or short connate 
lobes. 
Achenes small, homogeneous, obovate or oblong-ovate, almost terete or flattened, glabrous, 
weakly sulcate or with indistinct, longitudinal ribs of which only 2 almost winged, distinct, 
brownish, apically more or less roundish, lacking pappus but sometimes with slightly raised 
upper edge (as if rudiment of corona).  
Type of genus: Artemisia vulgaris L.  
 
4.8. Previous phylogenetic relationship studies 
Previous studies were constructed with External transcribed spacer region (ETS) and Internal 
transcribed spacer (ITS) at the generic and infrageneric levels (Baldwin and Markos 1998, 
Clevinger and Panero 2000, Markos and Baldwin 2001, Roberts and Urbatsch 2003, Urbatsch 
et al. 2003, Hidalgo et al. 2006, Garnatje et al. 2007, Liu et al. 2013). ETS shares its favorable 
features with ITS, and generally evolves faster and contains more phylogenetically 
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informative characters (Sanz et al. 2008). Several studies on phylogenetic relationships within 
the genus Artemisia have been carried out recently (Kornkven et al. 1998, 1999, Torrell et al. 
1999, Valles 2001, Watson et al. 2002, D’Andrea et al. 2003, Vallès et al. 2003, Sanz et al. 
2008, Tkach et al. 2008a, 2008b, Hayat et al. 2009, Pellicer et al. 2009, 2010, 2011a, 2011b, 
2014, Garcia et al. 2011a, Riggins 2012, Hobbs 2013, Haghighi et al. 2014a and 2014b). 
These studies have highlighted the infrageneric complexity of the genus as well as some 
incoherence between traditional classification and molecular relationships. 
 
Peliminary phylogenetic studies on Artemisia using nrDNA ITS and ETS region of nuclear 
ribosomal DNA sequences supported the monophyly of the genus in a broad sense and the 
monophyly of three of infrageneric groups (Dracunculus, Seriphidium, Tridentatae), whereas 
subgenera Absinthium and Artemisia were polyphyletic (Torrell et al. 1999; Watson et al. 
2002; D'Andrea et al. 2003; Valles et al. 2003; Hayat et al. 2009). But in 2002, Watson et al. 
established that the monophyly of the four subgenera of Artemisia is not supported, except the 
subg. Dracunculus, but he only includes five species in his paper.  
 
The focus of previous studies have been on i) American species (Kornkven et al. 1998 & 
1999, Garcia et al. 2011b, Hobbs 2013), ii) Artemisia sub-classification (Torrell et al. 1999, 
Valles 2003, Sans 2008, Shultz 2008, Riggins 2012, Pellicer et al. 2014) or iii) focussed on 
subg. Dracunculus (Pellicer et al. 2011a & b) but little has been done on middle-eastern taxa. 
Several species also collected recently in France and Europe that have not been included 
previously, have been included in our studies. A. canariensis (subg. Artemisia) is a sample 
from a different geographical region, which has not been sampled before. A. armeniaca was 
unavailable from Iran, so we used a sample from Turkey and one from Europe and also we 
added A. insipida which has some affinities to A. armeniaca and we added A. pancicii close to 
A. oelandica group. (For comparing the congruence of the traditional classification of Iranian 
and Turkish in a global scale.) 
 
4.9. The main goals of the present study are a) Contribution of Turkish and Iranian 
species of Artemisia to the global phylogeny of the genus Artemisia. For that we have 
gathered all the published sequences of genus for ETS and ITS and added our samples to 
those big matrices including few European species. b) Our second aim was to compare the 
congruence of the traditional classification of Iranian and Turkish Artemisia with the results 
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of our phylogenetic analysis. c) To establish the phylogenetic relationships, among Iranian 
and Turkish species. 
Iranian and Turkish Artemisia occurs in several floristic zones but are found mainly in the 
Irano-Turanian floristic zone which is divided in two sub-region: the Irano-Turanian: plain 
area (alt.: 800-1500/ average rainfall 250 mm), and the Irano-Turanian: Mountain zone (above 
1500m and with 200-400mm of rainfall) (Zohary 1973). It is one of the richest floristic area 
of the Middle East and 90% of Iranian endemics belong to this region. In Iran it covers a vast 
area from the Southern slopes of Alburz Mountain to highlands Lar-Makran Mountain in the 
South. This region is well characterized climatically and floristically by extreme ranges in 
temperature, both diurnal and annual, low precipitation and two seasons of rest in plant life, 
the hot and dry summer, and the cold harsh winter (Mobayen 1964; Zohary 1973). 
The addition of Iranian and Turkish taxa adds more widely distributed species not generally 
included in previous studies (Valles 2003; Sanz et al. 2008; Garcia 2011a; Hobbs 2013; 
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Abstract— Artemisia L. belongs to Asteraceae, the largest family of the Eudicotyledons and is 
one of its largest genera with about 500 taxa. Diversity centers of Artemisia are mainly in the 
Northern hemisphere in the temperate and cold temperate regions of Eurasia, North America 
and a limited number occur in the Southern hemisphere. The genus is divided into different 
subgenera or Sections depending on authors; the most accepted divisions (subgenera) are 
Absinthium, Artemisia, Dracunculus, Seriphidium and Tridentatae. We have added the newly 
defined subg. Pacifica. To understand the evolutionary history of this genus in the Irano-
turanian region, we have sampled all taxa of Turkey (26 taxa), Iran (24 taxa and 5 from 
GenBank), as well asa few unpublished species from Europe, using the internal and external 
transcribed spacers (ITS, ETS) to infer phylogenetic relationships. We have included them in 
a large phylogeny along with published sequences from GenBank forthose regions. The 
Iranian and Turkish species of Artemisia belongs to three subgenera: Artemisia (including 
Absinthium), Dracunculus and Seriphidium, but the majority of them are in subgenera 
Artemisia and Seriphidium. None of those subgenera are monophyletic, with the possible 
exception of subg. Tridentatae after recent rearrangements on the group. The evolutionary 
history of these two subgenera appears to be different. In subg. Artemisia, Iranian and Turkish 
species have a long history of accumulation of mutations, whereas in subg. Seriphidium those 
species have showna very rapid radiation and canhardly be distinguished from each other 
based on ITS and ETS data.  
Keywords— Iran, nuclear DNA, Turkey.   
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INTRODUCTION 
The genus Artemisia L. is the largest of the tribe Anthemideae and comprises more than 500 
taxa at specific or sub-specific levels (the number varies depending on the authors: McArthur 
1979, 1998, Oberprieler 2001, Vallès and McArthur 2001, Martin et al. 2003, Vallès and 
Garnatje 2005). 
It generally occurs in temperate areas of the Northern hemisphere, mainly in arid and semi 
arid environments, and has only a few taxain the Southern hemisphere. The center of origin 
and most important center of diversification of Artemisia is Central Asia, whereas the 
Mediterranean regionand North-Western America are two secondary speciation areas 
(McArthur and Plummer 1978, Ling 1982, Vallès and McArthur 2001). 
Artemisia species are mostly perennial herbs and rarely annual or biennial plants. They are 
often dominant plant in some plant communities such as steppe, subalpine steppe, shrubby 
steppe, semi-desert and desert steppe (Vallès and McArthur 2001). They also occurin coastal 
plains or mountains in lower diversity, distributed mainly on uncultivated hillsides (Ling 
1995, Vallès et al. 2003, Wang 2004). 
A summary of the fossil record reveals that Artemisia probably originated in temperate Asia 
in the mid-Tertiary, possibly within early arid or sub-arid habitats. This genus was first 
recorded from the Oligocene of North and Central Asia including North-East, North, North-
West and West China, mainly during the Miocene, whereas in South-West, South-East and 
South China it mostly occurred during the Miocene and Pliocene (Ling 1982). 
Iran and Turkey have one of the most diversified floras of SW Asia and most of that floristic 
richness is found in the Irano-turanian region, situated where several biogeographical regions 
intersect and host a unique floristic biodiversity (Zohary 1973, Davis et al. 1988, Davis 1965-
1985). The flora of Iran hosts at least 7,600 vascular plant taxa with 24% of endemism 
(Rechinger 1963-2010, Ghahraman and Attar 1999, Akhani 2006) and the flora of Turkey is 
even richer with 11,707 vascular plants and 33% of endemism (Güner 2012).  
Artemisia is one of the main characteristic genera found in steppes of Iran and Turkey and 
especially distributed in the Irano-Turanian and Hyrcanian regions. Artemisia aucheri Boiss. 
And A. sieberi Besser forms the dominant vegetation of many steppes and semi-steppes in the 
main part of the Irano-Turanin region (Mozaffarian 1988). The Irano-Turanian region 
isespecially rich in taxa from the subgenera Artemisia (19 taxa out of 48) and Seriphidium (17 
out of 48) and a few belong to Hyrcanian, Mediterranean and Euxinian floristic zones. 
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Many attempts have been made to establish an infrageneric classificationin this large genus 
since De Candolle (1837) established large groups as sections. The most recent classification, 
which is more or less widely accepted, is based mainly on thecapitula type and fertility of the 
florets which lead to five major groups treated at the subgeneric or sectional rank 
(Absinthium, Artemisia, Dracunculus, Seriphidium, Tridentatae). They are more or less 
constantly recognized in classic studies (Torrel 1999), but in Flora Iranica (Podlech 1986) and 
recent work on the genus in Turkey Absinthium and Artemisiaare merged and only subgenera 
Artemisia, Seriphidium and Dracunculus are recognized (Kursat 2010, Kursat et al. 2011). 
Several studies also on phylogenetic relationships within the genus Artemisia have been 
carried out recently (Kornkven et al. 1998, 1999, Torrell et al. 1999, Valles 2001, Watson et 
al. 2002, D’Andrea et al. 2003, Vallès et al. 2003, Sanz et al. 2008, Tkach et al. 2008a, 2008b, 
Hayat 2009, Pellicer et al. 2009, 2010, 2011a, 2011b, 2014, Garcia et al. 2011a, Riggins 2012, 
Hobbs & Baldwin, 2013, Haghighi et al. 2014). These studies have highlighted the 
infrageneric complexity of the genus as well as some incoherence between traditional 
classification and molecular relationships;  
The combined ETS and ITS has been successfully used in phylogenetic studies of several 
Asteraceae genera (Baldwin & Markos 1998, Clevinger & Panero 2000, Markos & Baldwin 
2001, Roberts & Urbatsch 2003, Urbatsch et al. 2003, Hidalgo et al. 2006, Garnatje et al. 
2007, Liu 2013). 
ETS shares its favorable features with ITS, and generally evolves faster and contains more 
phylogenetically informative characters (Sanz et al. 2008). And as cpDNA didn’t show to be 
enough variable comparing to nrDNA (Riggins 2012, Haghighi et al. 2014), we used only 
nrDNA in our study. 
Those phylogenetic studies on Artemisia using nrDNA ITS and ETS regions supported the 
monophyly of the genus in a broad sense and the monophyly of three of infrageneric groups 
(Dracunculus, Seriphidium, Tridentatae), whereas subgenera Absinthium and Artemisia were 
polyphyletic (Torrell et al. 1999, Watson et al. 2002, D'Andrea et al. 2003, Valles et al. 2003, 
Hayat et al. 2009). But in 2002, Watson et al. established that the monophyly of the four 
subgenera of Artemisia is not supported, except the subg. Dracunculus, but they only include 
five species in their paper. 
The focus of previous studies have been on American species (Kornkven 1998 & 1999, 
Garcia 2011, Hobbs & Baldwin, 2013), Artemisia subgenera classification (Torrell 1999, 
Valles 2003, Sans 2008, Riggins 2012, Pellicer 2014) or focused on subg. Dracunculus 
(Pellicer et al. 2011a & b) but little has been done on middle-eastern taxa and will contribute 
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with our study to a better understanding of this complex genus. Several species from France 
and Europe that have not been included previously, also collected recently have been 
included, A. canariensis Less. (subg. Artemisia) is a sample from a different geographical 
region, which has not been sampled before. A. armeniaca Lam. was unavailable from Iran, so 
we used a sample from Turkey and one from Europe, we also added A. insipida Vill., which 
has some affinities to A. armeniaca and we added A. Pancicii (Janka) Ronniger close to A. 
oelandica (Besser) Krasch.  
Iranian and Turkish Artemisia taxa can be found in several floristic zones of both countries 
but are found mainly in the Irano-Turanian floristic region which is divided into two sub-
regions: the Irano-Turanian: plain area (alt.: 800-1500/ average rainfall 250 mm), and the 
Irano-Turanian: Mountain zone (above 1500m and with 200-400mm of rainfall) (Zohary 
1973). It is one of the richest floristic areas of the Middle East and 90% of Iranian endemics 
belong to this region. In Iran, it covers a vast area from the Southern slopes of the Alburz 
Mountains to highlands Lar-Makran Mountain in the South. This region is well characterized 
by extreme climatological and growing condition ranges in temperature, both diurnal and 
annual, low precipitation, and two seasons of dormancy in many plants, hot and dry summers, 
and cold harsh winters (Mobayen 1964, Zohary 1973). 
The main goals of the present study are: a) Contribute the Turkish and Iranian species of 
Artemisia to the global phylogeny of the genus. For that we have gathered most of the 
published sequences of the genus for ETS and ITS (240 taxa) and added our samples (50 taxa) 
to those matrices including the European species (6 taxa). b) Our second aim was to compare 
the congruence of the traditional classification of Iranian and Turkish Artemisia with the 
results of our phylogenetic analyses. c) To establish the phylogenetic relationships among 
Iranian and Turkish species. 
The addition of Iranian and Turkish taxa adds more widely distributed species not generally 
included in previous studies (Valles 2003, Sanz et al. 2008, Garcia 2011a, Hobbs & Baldwin, 




MATERIAL AND METHODS  
Sampling— For DNA extraction, 50 taxa, 24 from Iran and 26 from Turkey were collected 
in silica-gel from fresh material in the field, and from herbarium specimens from the Central 
Herbarium of Tehran (TUH) or from Firat University Herbarium of Turkey (FUH). We also 
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extracted six samples from Europe (Appendix 2). We have added our sequences to previously 
published sequences of ETS and ITS from GenBank where we could also find six Iranian 
sequences that we didn’t have before. The complete list of samples is given in appendixes 1 
and 2. We chose Chrysanthemum oreastrum Hance, Ajania fruticulosa (Ledeb.) Poljakov, A. 
myriantha (Franch.) Ling ex C.Shih, A. nematoloba (Hand.-Mazz.) Y. Ling & C. Shih, 
Anthemis arvensis L. and A. cotula L. as outgroups on the basis of previous works (Valles et 
al. 2003, Sanz et al. 2008). 
 
Extraction PCR and Sequencing—Total DNA was extracted fromleaf samples using 
manufacturer protocols for DNeasy Plant Mini Kit (QIAGEN). PCR was performed in 25µl 
reaction mixtures (0.2 µl Taq, 0.5 µl DNTP mix, primers each 0.25 µl, 2 µl MgCl2, 5 µl 
Buffer, 1 µl DNA and 15.8 µl H2O) on a Thermocycler-Biometra and Techne-TC412. For 
ITS, PCR amplification was done withuniversal primers ITS5 and ITS4 (White et al. 1990) 
with the following program: denaturation: 94°C/3’, followed by 35-39 cycles of (94-97 °C/1’, 
48-55 °C/1’, 72 °C/65”), and final extension of 72 °C for 7 min. For ETS, PCR amplification 
was done using primers ETS ArtF1 (5’-G GTC GGC CTA TGC AAC-3’); and ETS ArtR (5’-
GAC CCA TTC GCA GTT TCA CAG-3’) specially designed for this study; internal primers 
were also designed and used when necessary (ETS ArtF2: 5’-CCG GTC GGC CTA TGG 
AA-3’; ETS Art1010R: 5’-CCA GAA TGC CCC GAA CGAT-3’; ETS Art520F: 5’-GTY 
TCT CAT GCC TCG TTA-3’) with the following program: denaturation at 95°C/2’, followed 
by 30 cycles of (95 °C/1’, 55 °C/1’, 72 °C/100”), and final extension of 72 °C for 5 min. PCR 
products were controlled on 1.2% agarose gels and sent for purification and sequencing to 
GATC Biotech (Germany). We sequenced 56 taxa (24 from Iran, 26 from Turkey and 6 from 
Europe) with ITS and ETS. 
 
Alignmentand Correction—Forward and reverse sequences were edited, and 
correctedusing Sequencher 5.2.4 software (GeneCode Corporation, Ann Arbor, Michigan, 
USA). Consensus sequences were manually aligned in a matrix using Paup* 4.0b10 software 
for Macintosh. Two matrices (M1 and M2) were built with the datasets.The first matrix M1 
(296 ingroup taxa) combine ITS and ETS and was built with 240 complete ITS sequences 
from GenBank which we tried to have only trustable sequences (usually test two same 
sequences from two different authors) and our 56 sequences of ITS. The ITS sequences from 
GenBank were fairly complete but for ETS, most GenBank sequences were incomplete. To 
avoid poor resolution and increase the accuracy of the analysis, we excluded two third of the 
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ETS matrix to keep only 3’ part of the matrix where all taxa had sequences. Matrix 2 
contained only taxa with complete sequences for ETS and ITS (94 taxa). 
Bayesian inference (BI): Bayesian analyses for all datasets were conducted using 
MrBayes v3.2.6 (Ronquist et al., 2012) in the Cipres Science Gateway (Miller et al., 2010), 
with 20 million Markov chain Monte Carlo (MCMC) generations and two independent runs 
(nruns = 2), including three heated chains and one ‘cold’ chain per run (nchains = 4). The 
sample frequencywas set to 1000, and the heating parameter to 0.20.  
Model selection was performed in jModelTest v2.1.1 (Darriba et al., 2012) with the default 
setting to select the best-fit DNA substitutionmodel for each dataset. 
Clade credibility values (posterior probabilities) for the combined data set were obtained from 
a 50% majority-rule consensus of the retained trees (burn-in = 0.25) from the two independent 
runs. An adequate burnin value for each analysis was assessed using the software Tracer1.5 
(Rambaut and Drummond, 2009). 
Parsimony analysis (MP): All datasets were analyzed using the same settings with the 
software, Paup*4.0b10 (Swofford 2002) under the maximum parsimony with options: unit 
weight, heuristic search, 1,000 replicates of random taxon-additions, and TBR (tree bisection-
reconnection) swapping with ACCTRAN (Accelerated transformation) of Character-state 
optimization to save the shortest trees. Then, keeping all the shortest trees in memory and 
with Mul-Trees on, an extensive search was conducted to find all the most parsimonious trees 
with a number limit of 25000 trees. Confidence in specific clades of the resulting topology 
was estimated by bootstrap analysis.The settings used were: 1,000 replicates, keeping 
bootstrap frequencies from 50 to 100%, random addition of taxa, sampling characters with 
equal probability but applying weights (from SW), and TBR swapping (Tree Bisectionand 
Reconnection) with 5 replications, but only keeping the optimum tree from each replicate, 




Separate analyses of ITS and ETS did not reveal any robust incongruence, mainly because of 
low resolution of nodes especially in ITS and it has no significant impact on the overall 
topology of the tree, so we decided to combine the two matrices (data not shown). 
Table 1 summarizes the numerical data related to the tree of Figure 1 (1A, B and C) and 2 
(Combined ITS-ETS, partial and complete sequences) which includes the dataset 
characteristics and the nucleotide substitution model. 
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The parsimony and Bayesian analyses of each datasets produced congruent trees without any 
significant difference in topology. Therefore, only the results of the BI are presented (but 
including both node PP (BI) and BS (MP) values) and discussed here (Fig. 1 and 2). 
 
Combined ITS+ETS Partial Matrix (M1) Results—Nine main clades that might be regarded 
as subgenera are resolved in this consensus tree: 
—Clades 1 and 9 are formed by taxa belonging only to subg. Dracunculus. They form two 
monophyletic groups. Most taxa in clade 1 are in polytomy. Seven taxa from Iran and Turkey 
are found in this group but not grouped together. Clade 9 with two taxa at the base of the tree, 
made a polytomy to the rest of the tree (Fig.1A). 
—Clades 2, 3, 4 and 8 comprise taxa belonging to subgenus Artemisia. Two species of subg. 
Seriphidium (clade 2”) are nested within clade 2. The 21 taxa belonging to Iran and Turkey 
are scattered within several sub-clades (Fig. 1B). 
—Clade 5 groups American taxa that belong to subg. Tridentatae with variable support 
(BS=67, PP=1.00), some of the taxa previously classified in other subgenera have been all put 
in subg. Tridentatae (Hobbs & Baldwin, 2013). A. californica Less., A. nesiotica P. H. Raven, 
A. hyperborea Rydb., A. furcata M. Bieb. And A. flava Jurtzev were formerly (in traditional 
classification) considered members of subg. Artemisia, but Shultz (2009) and Garcia (2011a) 
suggested adding them to subg. Tridentatae. Also A. nesiotica has been described previously 
as a subspecific taxon of A. californicaLess. (Garcia 2011a) and A. globularia Cham. Ex 
Besser (subg. Absinthium) appears in Hobbs & Baldwin, 2013 with the label Tridentatae (Fig. 
1C). None of the species we sampled belong to this clade. It is the only monophyletic 
subgenus found in this study. 
—Clade 6 belongs to subg. Pacifica, a newly described subgenus and is strongly supported 
(BS=100, PP=1.00) (Fig. 1C).  
—Clade 7 is highly supported (PP=0.91) andthree main sub-clades are noticeable in it: sub-
clade7’ (BS=92, PP=1.00), 7” (BS=55, PP=0.57) and 7’” (BS=96, PP=1.00). Clade 7’ and 
7’’’ are formed by taxa from subg. Artemisia. 
Clade 7” has little resolution within. It is formed by taxa from subg. Seriphidium and 23 taxa 
from Iran and Turkey belong to this group (Fig.1C). 
 
Combined ITS+ETS CompleteMatrix (M2) Results— 50% majority-rule consensus tree 
from Maximum parsimony and Bayesian Inferences analysis for the combined dataset ITS 
and ETS (M2, complete sequences) with 94 taxa and 2003 bp is presented in Figure 2. 
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In this tree the genus Artemisia forms a monophyletic clade (BS=79, PP=1.00). The subg. 
Artemisia (including Absinthium) is dispersed in the tree withinfour sub-clades (clade A, B, C 
& D). Subgenera Seriphidium (clade B2) and Dracunculus (clade B3) have one main clade 
for each and a few dispersed species. The American subg. Tridentatae (clade C1), subg. 
Artemisia sect. Artemisia (clade C2) and subg. Pacifica (clade C3) form monophyletic 
groups. 
From top to bottom of the tree we have clade A (BS=85, PP=1.00) formed mainly by groups 
of species belonging to subg. Artemisia, except A. deserti Krasch. from Iran, which is 
traditionally included in subg. Seriphidiumby Podlech (1986) and they all belong to Irano-
Turanian, Hyrcanian, Mediteranian or Euro-Siberian floristic regions. 
If we look at the relationships within clade A, from top to bottom we find that the clade A1 
belong to subg. Artemisia section Abrotanum with three species, which two of them belong to 
Iran and Turkey and belong to Irano-Turanian and Euro-Siberian region. 
Clade A3 is formed bysamples of Iranian and Turkish Artemisia that belong to subg. 
Artemisia, section Absinthium which belong to Irano-Turanian and Mediterranean region. In 
clade A4, A. deserti included in subg. Seriphidium by Podlech (1986) is a sister taxon of nine 
taxa that belong to sect. Absinthium (sensu Poljakov 1961) supported by a BS of 92% and 
PP=1.00. All taxa in this clade are from Iran and Turkey except A. frigida Willd.; A. 
melanolepis Boiss. in this group is endemic to Iran (Fig. 2). And also all taxa in this group 
belong to Irano-Turanian region except A. caucasica Willd., which is from Mediterranean 
region and endemic A. melanolepis that is from both Irano-Turanian and Hyrcanian region. 
Clade B (BS=59, PP=1.00), is formed by four main sub-clades belonging to subg. Artemisia, 
Seriphidium and Dracunculus. Subg. Artemisia is found in two separate sub-clades B1 
(BS=100, PP=1.00) sect. Abrotanum with two samples of A. annua from Iran and Turkey and 
belong to Hyrcanian and Mediterranean region and sub-clade B4 (BS=99, PP=1.00), sect. 
Absinthium with 2 samples of A. persica Boiss., collected from two different localities in Iran 
which belong to Irano-Turanian region. The sub-clade B2 (PP=1.00) groups taxa from subg. 
Seriphidium. All taxa in this group belong to Iran and Turkey, and six Iranian endemic taxa 
are among them. Most of these taxa belong to Irano-Turanian region and two Turkish taxa 
belong to Euxinian, Siberian and Mediterranean region and Clade B3, with high support 
(BS=100, PP=1.00), is formed by five supported sub-clades and seven Iranian and Turkish 
taxa belonging to subg. Dracunculus belong to Irano-Turanian and Mediterranean region 
(Fig. 2). 
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Clade C (PP=51), is formed by three main well-supported sub-clades C1 (BS=99, PP=1.00), 
C2 (BS=100, PP=1.00) and C3 (BS= 100 and 1.00). The first clade C1 is formed by all taxa 
of the Amercican monophyletic group subg. Tridentatae; the second clade C2 is formed by 
three well-supported clades grouping five taxa of subg. Artemisia section Artemisia, the only 
monophyletic section, within there are three sub-clades of also very strong support, and two 
taxa from Turkey which are from Irano-Turanian and Euxinian region; and clade C3 is 
formed by three taxa of the Hawaiian origin monopheletic subg. Pacifica (Hobbs & Baldwin 
2013) (Fig. 2). Artemisia tournefortiana Rchb. subg. Artemisia Sect. Abrotanum, originated 
from Irano-Turanian region, is the sister taxon of clades A, B and C. 
The last clade, D with high support (BS=100, PP=1.00) is formed by six taxa (Turkish with 
Euro-siberian and Irano-Turanian region, and European taxa) of subg. Artemisia sect. 




Both Bayesian and Parsimony analysis provided convincing support for the monophyly of the 
genus Artemisia (Fig. 1, 2).  
The addition of Iranian and Turkish taxa did not produce topology conflicts among the major 
Artemisia lineages and the results largely agreed with previous studies (Valles 2003, Sanz 
2008, Garcia 2011a, Hobbs & Baldwin 2013, Pellicer 2009, 2011a, 2011b and 2014) except 
for A. deserti and A. persica from Iran that will be discussed later. 
The utilization of complete sequences for ETS improved the indices values (CI, RI and RC) 
for M2 (Table 1) and there is more resolved relationships and less polytomies. We will not 
discuss the monophyly in both analyses of sub-genera Tridentatae and Pacifica as we did not 
add any taxa in those groups (Fig. 1, 2). 
Subg. Seriphidium and Dracunculus: Most of the species belonging to subg. Seriphidium 
and Dracunculus belong to one main clade, but a few taxa in each subg. are scattered within 
the tree. In subg. Seriphidium the concern is about A. deserti and A. leucodes Schrenk 
because they have homogamous capitula, a characteristic of subg. Seriphidium. For subg. 
Dracunculus, it is the affiliation of A. salsoloides Willd. and A. tanaitica Klokov that needs 
to be closely reexamined. The only way to make those clades monophyletic would be 
changing the subgeneric classification of those few taxa, but before that, new valid characters 
have to be found. 
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A. deserti and A. leucodes are grouped with species of subg. Artemisia in both analyses, in 
clade 2’’ (BS=99) (Fig.1B) and in clade A4 (Fig. 2); Valles (2003) and Pellicer (2014) also 
had the same result, but even though morphological characters do not fit the classification, 
Pellicer (2014) put A. deserti in sect. Absinthium. On A. leucodes Pellicer (2014) did not 
change its affiliation to a section because of unresolved polytomy. 
Subgenus Artemisia (including sections Artemisia, Abrotanum and Absinthium) is 
polyphyletic because of its several clades scattered throughout the tree in both analyses. It 
cannot be supported as a monophyletic group at all, and addition of Iranian and Turkish taxa 
did not change the polyphyly of this subgenus as in previous research (Vallès 2001, 2003, 
Hayat 2009, Garcia 2004 and Hobbs & Baldwin 2013). 
The situation of sect. Absinthium is more complicated with the two isolated samples of A. 
persica in clade B4 and in clade A2 (Fig. 2) where A. deserti belongs to subg. Seriphidium is 
nested among them. 
The “Absinthium” taxa have been treated differently depending on author, as it is the only 
Artemisia group having hairy receptacle, some investigators group them in a subgenus 
(Persson 1974, Rydberg 1916); or define them as a section of Subgenus Artemisia (Poljakov 
1961, Ling 2008). This difference in classification is found also in recent molecular works 
(Pellicer 2011a, 2011b, 2014, Hayat 2010, Hobbs & Baldwin 2013). Nevertheless, whatever 
the taxonomic rank retained, its monophyly can be discussed, if we exclude A. persica from 
this group. The placement of this taxa suggests that its key character (the hairy receptacle)  
may be result of convergent evolution. 
 
The placement of A. annua in our both analyses (Fig. 1 and 2) is strange. This species (subg. 
Artemisia, sect. Abrotanum) groups with Seriphidium taxa. In Fig. 1C (clade 7’) and Fig. 2, 
(clades B1 and B2). Maybe an other case of convergent evolution. 
The clade C2 is formed by a small group of subg. Artemisia sect. Artemisia including A. 
ludoviciana, A. palmeri, A. princeps, A. vulgaris and A. verlotiorum with a strong support 
(BS=100, PP=1.00). The affinity of A. palmeri (previously included in subg. Tridentatae) to 
subg. Artemisia and close relation to A. vulgaris and A. ludoviciana has been shown by 
Kornkven (1998). These five taxa belong to the section Artemisia form a monophyletic group 
(Fig. 2 Clade C2). 
Plants belonging to section Abrotanum are scattered in clade A1, B1 and D which form a 
polyphyletic group. 
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The subg. Seriphidium (Fig. 2, clade B2, PP=1.00), forms a large monophyletic group except 
A. deserti that is nested within subg. Artemisia (Fig. 2, clade A4). It is morphologically 
included in Seriphidium group (Podlech 1986) which was discussed before. Two samples of 
A. annua belonging to Subg. Artemisia (from Iran and Turkey) are their sister group (BS=84, 
PP=1.00). The hypothesis that Seriphidium has evolved from members of the subg. Artemisia 
is supported by our results as well as by data on its chemical composition (Geissman & Irwin 
1970, Ling 1994). 
In subgen. Draculculus, A. marshaliana has frequently been included in A. campestris as 
they are very similar in habit and the differences between them are that A. marshalliana has 
sparsely pilose leaves and phyllaries while in A. campestris they are both glabrous. In the 
combined tree, Fig. 1 they form apolytomy, but in Fig. 2 they are grouped together (BS=100, 
PP=1.00). 
The position of A. salsoloides (subg. Dracunculus) is not resolved and it forms early 
branching with all Artemisia (Fig. 1 and Fig. 2). Pellicer (2011b) suggested to exclude A. 
salsoloides from subg. Dracunculus and put it within Artemisia, for keeping the subgenus 
monophyletic.  
In clade D, the European samples A. armeniaca, A.insipida and A. pancicii belong to subg. 




Our sampling represents all subdivisions (from subgenera to sections) of the genus Artemisia, 
The Iranian and Turkish species of Artemisia belongs to three subgenera: Artemisia, 
Dracunculus and Seriphidium. Only the subg. Tridentatae, the subg. Pacifica and the sect. 
Artemisia are monophyletic in our combined trees (Fig. 1 and 2).  
The present ITS and ETS sequence analysis clearly states that some subgenus or sections of 
Artemisia, require changes in their delimitation.  
This study confirms discordance between taxonomic delimitation and molecular phylogenies 
which should be explained by the use of unreliable and/or unstable morphological characters 
to define groups. Apparently homogamous or heterogamous capitula are not a “good 
characteristic” for the classification of subgenera. In other word, this discordance is due to the 
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TABLE1: Numerical results from the parsimony analysis and modeld selected for Bayesian 
inference of the combined dataset (ITS-ETS). 
Dataset 
Matrix 3: ITS + ETS 
(Partial Sequence) 
Matrix 4: ITS + ETS 
(Complete Sequence) 
Number of ingroup Taxa 296 94 
Total characters 1121 2003 
Number of informative characters and % 362 (32%) 616 (30%) 
Tree length (number of steps) 1861 1829 
Consistency index (CI) 0.381 0.588 
Retention index (RI) 0.870 0.879 








Appendix1. Origin of specimens, herbarium vouchers for ITS, ETS of newly 
generated sequences. (FUH: Firat University Herbarium, TUH: Tehran University 
Herbarium , Ir-Tur: Irano-Turanian floristic region, Hyr: Hyrcanian floristic region, Med: 
Mediterranean floristic region, Euro-Sib: Euro-Siberian). 
Taxon Subgenus 
Collector Voucher NUMBER 
(Turkey) Locality N° CARTE 
Collector Voucher NUMBER 
(Iran) 
Locality N° CARTE 
Floristic 
region 
A. abrotanum L. Artemisia 
Ş. Civelek & M. Kürşat L1165 
(FUH) Muş: entrance to city, 
Roadsides 
 Ir-Tur. 
A. absinthiumL. Absinthium 
Ş. Civelek & M. 
KürşatL1148(FUH) Malatya: 
Between Malatya and Pötürge, 





A. annua L. Artemisia 








A. arborescens L Absinthium 
M. KürşatL1140(FUH) Hatay: 
Samandağ: Musa Mountain 
 Med. 






A. armeniaca Lam. Artemisia 
M. Kürşat L1162(FUH) Kars: 
Susuz, Kısır Mountain, Kizioğlu 













Ş. Civelek & M. 
KürşatL1061(FUH)Van: 
Gürpınar, Sopakonak village, 
roadsides 




A. bashkalensis Kursat & 
Civeleksp nova (not published, 
will publish soon) 
Seriphidium 
Ş. Civelek & M. 
KürşatL1057(FUH) Hakkari: 
Between Van and Hakkari, 
roasides, slopes, steppe 
 Ir-Tur. 
A. campestrisL. var. araratica 
(Novopokr.) Poljak. 
Dracunculus 
İ. Türkoğlu & M. 
KürşatL1001(FUH) Malatya: 
Doğanşehir, Dedeyazı village, 
steppe 
 Ir-Tur. 
A. campestris L. var. campestris Dracunculus 
Ş. Civelek & M. 
KürşatL1018(FUH) 
Kahramanmaraş: Göksun, 
Kurucuova village, roadsides 
 Med. 
A. campestris L. var. 
marschalliana (Spreng.) Poljak. 
Dracunculus 
Ş. Civelek & M. 
KürşatL1046(FUH) Muş: 
Between Muş and Tatvan, 
roadsides 
 Ir-Tur. 
A. caucasica Willd. Artemisia 
İ. Türkoğlu, Ş. Civelek & M. 
KürşatL1139(FUH) Niğde: 
Çamardı, Demirkazık village, 
roadsides, steppes 
 Med. 
A. chamaemelifolia Vill. Artemisa 
M. KürşatL1157(FUH) Ağrı: 
















A. fragrans Willd. Seriphidium 
Ş. Civelek & M. 
KürşatL1049(FUH) Van: 
Between Van and Tatvan, 
Kuzgun Koran pass, roadsides, 
slopes 
Saidi 18513(TUH) Gilan, 
Deylaman 
Ir-Tur. 




A. haussknechtii Boiss. Artemisia 
Ş. Civelek & M. 
KürşatL1059(FUH) Hakkari: 






A. incana (L.) Druce 
 
Artemisia 
Ş. Civelek & M. 
KürşatL1074(FUH) Bitlis 








A. marschalliana Sprengel Dracunculus  
Mozaffarian 70131(TUH) 
Azerbaijan, Ardbil to Khalkhal 
Hyr. 





A. persica Boiss.  Artemisia  
Ghahreman, Attar, Mehdigholi 
28604(TUH) Kerman, near Baft 
Ir-Tur. 




A. santonicum L subsp patens 
(Neilr.) KPersson (published as 
new record for Turkey) 
Seriphidium 
M. KürşatL1100(FUH) 
Çanakkale: Keşan road 
 Eux. 
A. santonicum L. subsp. 
santonicum 
Seriphidium 







A. scoparia Waldst. & Kit. 
 
Dracunculus 
İ. Türkoğlu & M. 
KürşatL1038(FUH) Adana: 





A. sieberi Bess.subsp. sieberi 
(published as new record for 
Turkey) 
Seriphidium 
Ş. Civelek & M. 
KürşatL1041(FUH) Şanlıurfa: 
Between Birecik and Mezreh, 
roadsides, steppes 
 Ir-Tur. 
A. sieberi Besser Seriphidium  No name 24118(TUH) Yazd, Taft Ir-Tur. 
A. spicigera C. Koch. Seriphidium 
Ş. Civelek & M. 
KürşatL1081(FUH) Muş: 
Malazgirt, Between Aktuzla 
village and Karıncalı Village, 
slopes 
Mozaffarian 11374(TUH) Tehran, 
Damavand, Rineh 
Ir-Tur. 




M. KürşatL1142(FUH) Van: 
Gürpınar, Sopakonak Village, 
slopes 





A. taurica Willd var. pendulosa 
Kursat & Civelek var. nova 
Seriphidium 
M. KürşatL1052(FUH) Van: 
Çavuştepe castle, roadsides 
 Ir-Tur. 
A. taurica Willd var. taurica Seriphidium 
M. KürşatL1131(FUH) Ankara: 
Polatlı, roadsides 
 Ir-Tur. 
A. tournefortiana Reichb. Artemisia Ş. Civelek & M. Ghahreman, Attar 20233(TUH) Ir-Tur. 
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KürşatL1171(FUH) Ağrı Haraz road, Sangdeh 




A. turcomanica Gand. Seriphidium  
Mozaffarian 59665(TUH) 
Khorasan, Bojnord to Gorgan 
Ir-Tur. 
A. verlotiorum Lamotte Artemisia 
Ş. Civelek & M. 
KürşatL1105(FUH) Rize: 
Between Ardeşen and 
Çamlıhemşin, roadsides. 
 Eux. 
A. vulgaris L. Artemisia 







Appendix2. Origin of specimens and GenBank accession numbers for ITS, ETS 
(Unpb: unpublished, DS: Direct submission, highlighted rows: Iranian taxa). 
Taxon subgenera 
ITS GenBank accession no. 
Publication Origin/Locality 
ETS GenBank accession no. 
Publication Origin/Locality 
A. adamsii Artemisia  
AM398844 Tkach, 2007 Bulgan Aymag 
Mongolia 
AM397953 Tkach, 2007 Bulgan Aymag 
Mongolia 
A. afra Artemisia JX051743 Pellicer, 2014 JX069431 Pellicer, 2014 
A. alaskana Artemisia AM398845 Tkach, 2007 Alaska, Umiat AM397954 Tkach, 2007 Alaska, Umiat 
A. alba Artemisia  JX051695 Hobbs, 2013 Europe JX069395 Hobbs, 2013 Europe 
A. albicans Tridentatae JX051705 Hobbs, 2013 Nye Co., NV JX069459 Hobbs, 2013 Nye Co., NV 
A. albicerata Dracunculus JF326531 Pellicer, 2011 (Unpb) 
JF326587 JF326644 Pellicer, 2011 
(Unpb) 
A. androsacea Artemisia AM398846 Tkach, 2007 East Russia AM397955 Tkach, 2007 East Russia 
A. anethifolia Absinthium LK391723 Pellicer, 2014 Russia LK39171 Pellicer, 2014 Russia 
A. anethoides Absinthium LK391724 Pellicer, 2014 Mongolia LK391719 Pellicer, 2014 Mongolia 
A. anomala Artemisia JX051674 Hobbs, 2013 China JX069377 Hobbs, 2013 China 
A. apiacea Artemisia AM398848 Tkach, 2007 East Russia AM398033 Tkach, 2007 East Russia 
A. araxina Seriphidium AF045408 Torrel, 1999 Armenia DQ028870 Sanz, 2008 Armenia 
A. arbuscula ssp longicaulis Tridentatae HQ019035 Garcia, 2011 Nevada, USA HQ018993 Garcia, 2011 Nevada, USA 
A. arbuscula ssp longiloba Tridentatae 
HQ019047 Garcia, 2011 Colorado, 
USA 
HQ019005Garcia, 2011 Colorado, USA 
A. arctica Artemisia AM398849 Pellicer, 2014 AM397958 Pellicer, 2014 
A. arenaria Dracunculus JF326532 Pellicer, 2011 (DS) JF326588 Pellicer, 2011 (DS) 
A. argentea Absinthium 
JX051696 Hobbs, 2013 Madeira, 
African Atlantic coast 
JX069396 Hobbs, 2013 Madeira, 
African Atlantic coast 
A. argillosa Tridentatae 
HQ019037 Garcia, 2011 Colorado, 
USA 
HQ018995 Garcia, 2011 Colorado, 
USA 
A. argyi Artemisia GU724270 Gao, 2010, - DQ028900 Sanz, 2008 - 
A. armeniaca Artemisia AAR130712F Civeyrel France (Unpb) AAR130712F Civeyrel France (Unpb) 
A. armeniaca Artemisia AR130712ECiveyrel Espagne (Unpb) AR130712ECiveyrel Espagne (Unpb) 
A. aschurbajewii Absinthium 
AF504170 AF504143 Valles, 2003 
Kazakhstan 
DQ028838 Sanz, 2008 - 
A. atlantica Artemisia 
JX051745 Hobbs, 2013 Taouarit, 
Morocco 
JX069468 Hobbs, 2013 Taouarit, 
Morocco 
A. atrata Abrotanum 
FJ642973 FJ643009 Pellicer, 2009 
England 
FJ642937 Pellicer, 2009 England 
A. australis Pacifica JX051753 Hobbs, 2013 O'ahu, HI JX069435 Hobbs, 2013 O'ahu, HI 
A. austriaca Absinthium  DQ028844 Sanz, 2008 Armenia 
A. bargusinensis Dracunculus 
AM398850 Tkach, 2007 Yakutia, Aldan 
river Russia 
JF326646 JF326589 Pellicer, 2011 
(DS) 
A. barrelieri Seriphidium AF045410 Torrel, 1999 Spain DQ028875 Sanz, 2008 Spain 
A. biennis Artemisia 
AM398851 Tkach, 2007 Hort. Dorpat 
(Tartu)Estonia 
GU902840 Pellicer, 2010 (DS) 
A. bigelovii Tridentatae HQ019038 Garcia, 2011 Utah USA HQ018996 Garcia, 2011 Utah USA 
A. blepharolepis Artemisia LK391725 Pellicer, 2014 Mongolia LK391720 Pellicer, 2014 Mongolia 
A. borealis Dracunculus 
AM398852 Tkach 2007 Hubsugal 
Aymag Mongolia 
JF326647 JF326590 Pellicer, 2011 
(DS) 
A. borealis ssp mertensii Dracunculus AM398853 Tkach, 2007 Siberia, AM397962 Tkach, 2007 Siberia, 
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Dudinka river Dudinka river 
A. brevifolia  Seriphidium JQ844560 Hayat, 2013 (DS) KC493069 Hayat, 2013 (DS) 
A. caerulescens Seriphidium 
AF045409 AF079960 Torrel, 1999 
Portugal 
DQ028872, Sanz, 2008 Portegal 
A. caespitosa Artemisia 
AM398855 Tkach, 2007 Altai, Kosh-
Agach 
AM397957 Tkach, 2007 Altai, Kosh-
Agach 
A. californica Tridentatae 
JX051687 Hobbs, 2013 San Mateo 
Co., CA 
JX069388 Hobbs, 2013 San Mateo 
Co., CA 
A. cana ssp bolanderi Tridentatae 
AM398857 Tkach, 2007 Alaska, White 
mountains 
HQ018998 Garcia, 2011 California 
USA 
A. canadensis Dracunculus 
AM398856 Tkach, 2007 St-Jerome, 
comté du Lac St-Jean 
AM397963 Tkach, 2007 St-Jerome, 
comté du Lac St-Jean 
A. canariensis Seriphidium  L77740 Francisco-Ortega, (Unpb) DQ028852 Sanz, 2008 Spain 
A. capillaris Dracunculus JX051715, Hobbs, 2013, - - 
A. capitata Tridentatae 
HQ019069 Garcia, 2011 Colorado, 
USA 
HQ019027 Garcia, 2011 Colorado, 
USA 
A. carruthii Artemisia JX051722 Hobb, 2013 Sedona, AZ JX069416 Hobb, 2013 Sedona, AZ 
A. chinensis Pacifica 
JX051756 Hobbs, 2013 Fukien Prov., 
China 
JX069438 Hobbs, 2013 Fukien Prov., 
China 
A. ciniformis Serifidium 
JX445015 JX445043 Sarikhan, 2012 
(DS), Iran 
JX445071 Sarikhan, 2012(DS), Iran 
A. comata Tridentatae 
AM398859 Tkach 2007 Alaska, 
Beaufort Lagoon 
AM397966 Tkach 2007 Alaska, 
Beaufort Lagoon 
A. commutata Dracunculus JF326538 Pellicer, 2011 (DS) JF326594 Pellicer, 2011 (DS) 
A. compacta Seriphidium AM398861 Pellicer, 2014 AM397968 Pellicer, 2014 
A. copa Tridentatae 
GU902806 GU902818 Pellicer, 2010 
(DS) 
GU902831 Pellicer, 2010 (DS) 
A. cretacea Seriphidium 
FJ642975 FJ643011 Pellicer, 2010 
(DS) 
FJ642939 Pellicer, 2010 (DS) 
A. cretacea Seriphidium 1773 Civeyrel (Unpb) 1773 Civeyrel (Unpb) 
A. crithmifolia Dracunculus 
AF045399 AF079962 Torrell, 1999 
Portugal 
JF326653 Pellicer, 2011 (DS) 
A. czekanowskiana Absinthium AM398862 Pellicer, 2014 AM397969 Pellicer, 2014 
A. demissa Dracunculus JF326539 Pellicer, 2011 (DS) 
JF326595 JF326654 Pellicer, 2011 
(DS) 
A. depauperata Dracunculus JF326540 Pellicer, 2011 (DS) JF326596 Pellicer, 2011 (DS) 
A. desertorum Dracunculus JF326541 Pellicer, 2011 (DS) JQ844569 Hayat (DS) 
A. dimoana Dracunculus JF326542 Pellicer, 2011 (DS) JF326598 Pellicer, 2011 (DS) 
A. dolosa Dracunculus 
AM398864 Tkack, 2007 Altai, Kosh-
Agach 
AM397971 Tkack, 2007 Altai, Kosh-
Agach 
A. douglasiana Artemisia 
JX051723 Hobbs, 2013 San 
Bernardino Co., CA 
JX069417 Hobbs, 2013 San 
Bernardino Co., CA 
A. dracunculiformis Dracunculus 
AM398865 Tkach, 2007 Taymyr, Kotuy 
river 
AM397972 Tkach, 2007 Taymyr, Kotuy 
river 
A. dracunculoides Dracunculus JF326544 Pellicer, 2011 (DS) DQ028860 Sanz, 2008 USA 
A. dracunculus Dracunculus 
HQ019044 Garcia, 2011 Khengai 
Aimag, Mongolia 
HQ019002 Garcia, 2011 Khengai 
Aimag, Mongolia 
A. dubia Artemisia KC493081 Hayat (DS) JQ844556 Hayat (DS) 
A. duthreuil de rhinsii Dracunculus JF326546 Pellicer, 2011 (DS) JF326602 Pellicer, 2011 (DS) 
A. echegarayi Tridentatae GU902810 Pellicer, 2010 (DS) GU902833 Pellicer, 2010 (DS) 
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A. edgeworthii Dracunculus JF326547 Pellicer, 2011 (DS) JF326603 Pellicer, 2011 (DS) 
A. elongata Seriphidium 
JX051746 Hobbs, 2013 Tian Shan, 
Kyrgyzstan 
JX069432 Hobbs, 2013 Tian Shan, 
Kyrgyzstan 
A. eranthema Dracunculus AF504195-AF504168 Pellicer, 2014 DQ028864 Pellicer, 2014 
A. eriantha Artemisia 
DQ028919 DQ028906 Sanz, 2008 
Spain 
DQ028842 Sanz, 2008 Spain 
A. eriocarpa Dracunculus AF504191-AF504164 Pellicer, 2014 DQ028863 Pellicer, 2014 
A. eriopoda Dracunculus JF326548 Pellicer, 2011 (DS) JF326604 Pellicer, 2011 (DS) 
A. feddei Artemisia 
FJ642977 Pellicer, 2009 Russia, 
Primorie krai, Nadezhda raion 
FJ642941 Pellicer, 2009 Russia, 
Primorie krai, Nadezhda raion 
A. ferganensis Seriphidium FJ642978 FJ643014 Pellicer, 2010 UK FJ642942 Pellicer, 2010 UK 
A. filifolia Tridentatae HQ019045 Garcia, 2011 Utah, USA HQ019003 Garcia, 2011 Utah, USA 
A. flava Tridentatae 
AM398867 Tkach, 2007 Chukotka, Bol. 
Anyuy river 
AM397974 Tkach, 2007 Chukotka, Bol. 
Anyuy river 
A. franserioides Tridentatae JX051669 Hobbs, 2013 Telluride, CO JX069372 Hobbs, 2013 Telluride, CO 
A. freyniana Artemisia  
AM398868 Tkach, 2007 Dauriya 
Russia 
AM397975 Tkach, 2007 Dauriya 
Russia 
A. frigida Artemisia HQ019046 Garcia, 2011 Tüva, Russia HQ019004Garcia, 2011 Tüva, Russia 
A. furcata Tridentatae 
AM398870 Tkach, 2007 Taymyr, 
Syndasko river 
AM397977 Tkach, 2007 Taymyr, 
Syndasko river 
A. giraldii Dracunculus FJ642979 FJ643015 Pellicer, 2010 - FJ642943 Pellicer, 2010 - 
A. glacialis Artemisia DQ028921 DQ028908 Sanz, 2008 Italy DQ028840 Sanz, 2008 Italy 
A. glauca Dracunculus AM398871 Pellicer, 2014 AM397978 Pellicer, 2014 
A. globosa(1) Dracunculus JF326551 Pellicer, 2011 (DS) JF326607 Pellicer, 2011 (DS) 
 
   
A. globosoides Dracunculus JF326552 Pellicer, 2011 (DS) JF326608 Pellicer, 2011 (DS) 
A. globularia Tridentatae 
AM398872 Tkach, 2007 Chukotka, 
Cape Shmidt 
AM397979 Tkach, 2007 Chukotka, 
Cape Shmidt 
A. glomerata Artemisia 
AM398873 Tkack, 2007 Yakutiya, 
Oymyakon 
AM397980 Tkack, 2007 Yakutiya, 
Oymyakon 
A. gobica Seriphidium AM398876 Tkach, 2007 Hovd Aimak AM397983 Tkach, 2007 Hovd Aimak 
A. gorgonum Artemisia AM398877 Tkack, 2007 Fogo AM397984 Tkack, 2007 Fogo 
A. gracilescens Seriphidium 
JX051731 Hobbs, 2013 Kazakhstan, 
near Aktobe 
JX069421 Hobbs, 2013 Kazakhstan, 
near Aktobe 
A. granatensis Absinthium 
AF045397 AF079949 Torrell, 1999 
Spain 
DQ028841 Sanz, 2008 Spain 
A. herba-alba Seriphidium KC493080 Hayat 2013 (DS) DQ028874 Sanz, 2008 Spain 
A. hololeuca  Absinthium 
FJ642981 FJ643017 Pellicer, 2010 
Russia, Volgograd oblast, Aleksev raion 
FJ642945 Pellicer, 2010 Russia, 
Volgograd oblast, Aleksev raion 
A. hultenii Artemisia AM398878 Pellicer, 2014 AM397985 Pellicer, 2014 
A. hyperborea Tridentatae AM398879 Tkach, 2007 Victoria Island AM397986 Tkach, 2007 Victoria Island 
A. incanavar. momiyamae Artemisia JX051701 Hobbs, 2013 Japan DQ028839 Sanz, 2008 Armenia 
A. inculta Seriphidium 
AF045405 AF079956 Torrell, 1999 
Egypt 
DQ028878 Sanz, 2008 Egypte 
A. indica Artemisia EF107651 Hsieh, 2006 (Unpb) JX069379 Hobbs, 2013 Japan 
A. insipida Artemisia I130712A Civeyrel (Unpb) I130712A Civeyrel (Unpb) 
A. insipida Artemisia I130712B Civeyrel (Unpb) I130712B Civeyrel (Unpb) 
A. integrifolia Artemisia AM398880 Tkach, 2007 Chita district AM397987 2007 Chita district 
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A. intramongolica Dracunculus JF326553 Pellicer, 2011 (DS) JF326609 Pellicer, 2011 (DS) 
A. intricata Seriphidium 
JX051659 Hobbs, 2013 Central 
Mongolia 
JX069450 Hobbs, 2013 Central 
Mongolia 
A. jacutica Absinthium 
AM398881 Tkach, 2007 Yakutiya, 
Kolyma-river, Zyryanka 
AM397988 Tkach, 2007 Yakutiya, 
Kolyma-river, Zyryanka 
A. japonica Dracunculus GU724289 Gao, 2010 - JQ844553 Hayat, 2012 (DS) 
A. jordanica Dracunculus JF326555 Pellicer, 2011 (DS) JF326611 Pellicer, 2011 (DS) 
A. judaica Artemisia 
AF504175 AF504148 Valles, 2003 
Egypt 
DQ028848 Sanz, 2008 Egypte 
A. karatavica Seriphidium JX051660 Hobbs, 2013 Kazakhstan JX069451 Hobbs, 2013 Kazakhstan 
A. kawakamii Artemisia FJ642982 FJ643018 Pellicer, 2010 UK FJ642946 Pellicer, 2010 UK 
A. keiskeana Abotanum JF326556 Pellicer, 2011 
JF326670 
Pellicer, 2014 
A. keiskeana Abotanum 
FJ642983 FJ643019 Pellicer, 2010 
Russia, Primorie krai, Khassan raion 
JF326612 Pellicer, 2011 (DS) 
A. kelleri Dracunculus JF326557 Pellicer, 2011 (DS) JF326613 Pellicer, 2011 (DS) 
A. khorassanica Seriphidium 
JX445021 JX445049 Sarikhani, 2012 
(DS), Iran 
JX445077Sarikhani, 2012 (DS), Iran 
A. klementzae Dracunculus 
AM398883 Tkach, 2007 Central 
Aymag, Erdenesant 
AM397989 Tkach, 2007 Central 
Aymag, Erdenesant 
A. klotzchiana Artemisia 
JX051704 Hobbs, 2013 Veracruz, 
Mexico 
JX069458 Hobbs, 2013 Veracruz, 
Mexico 
A. kochiiformis Seriphidium 
JX051747 Hobbs, 2013 Pripiandzhski 
Karatay, southern Tajikistan 
JX069433 Hobbs, 2013 Pripiandzhski 
Karatay, southern Tajikistan 
A. koidzumii Artemisia 
AM398884 Tkach, 2007 Central 
Aymag, Erdenesant 
AM398035 Tkach, 2007 Central 
Aymag, Erdenesant 
A. kruhsiana Artemisia 
AM398885 Tkach, 2007 Siberia, 
Verkhojansk mountain 
AM397990 Tkach, 2007 Siberia, 
Verkhojansk mountain 
A. kurramensis Seriphidium KC493068 Hayat, 2013 (DS) JX069469 Hobbs, 2013 Kyoto Japan 
A. kuschakewiczii Dracunculus JF326559 Pellicer, 2011 (DS) JF326615 Pellicer, 2011 (DS) 
A. laciniata Artemisia 
AM398886 Tkach, 2007 Altai, 50°59 'N 
85°39'E 
AM397991 Tkach, 2007 Altai, 50°59 'N 
85°39'E 
A. laciniatiformis Artemisia 
AM398887 Tkach, 2007 Putorana 
plateau, Haja-Küöl lakes, Quadrat 
AM397992 Tkach, 2007 Putorana 
plateau, Haja-Küöl lakes, Quadrat 
A. lactiflora Artemisia FJ642984 FJ643020 Pellicer, 2010 UK FJ642948 Pellicer, 2010 UK 
A. lagocephala Absinthium 
AM398888 Tkach, 2007 Siberia, 
Verkhojansk mountain 
AM397993 Tkach, 2007 Siberia, 
Verkhojansk mountain 
A. lagocephala Absinthium 
DQ028917 DQ028904 Sanz, 2008 
URSS 
DQ028898 Sanz, 2008 URSS 
A. lagopus Artemisia 
AM398889 Tkach, 2007 Yakutiya, 
Oymyakon 
AM397994 Tkach, 2007 Yakutiya, 
Oymyakon 
A. ledebouriana Dracunculus JF326560 Pellicer, 2011 (DS) JF326616 Pellicer, 2011 (DS) 
A.lehmanniana Seriphidium 
KM391969 KM391974 Sarikhan, 2012 
(DS), Iran 
KM391979Sarikhan, 2012 (DS), Iran 
A. leucodes Seriphidium 
AF504176 AF504149 Valles, 2003 
Uzbekistan 
DQ028893 Sanz, 2008 - 
A. leucodes Seriphidium JX051748, Hobbs, 2012 - JX069473, Hobbs, 2012 - 
A. leucophylla Artemisia 
AM398890 Tkach, 2007 Irkutsk district, 
Ochanul lake 
AM397995 Tkach, 2007 Irkutsk district, 
Ochanul lake 
A. limosa Dracunculus JF326561 Pellicer, 2011 (DS) JF326617 Pellicer, 2011 (DS) 
A. lithophila Absinthium FJ642985 FJ643021 Sanz, 2008 - FJ642949 Pellicer, 2011 (DS) 
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A. littoricola Dracunculus JF326562 Pellicer, 2011 (DS) JF326618 Pellicer, 2011 (DS) 
A. lucentica Artemisia 
AF045390 AF079943 Torrel, 1999 
Spain 
DQ028846 Sanz, 2008 Spain 
A. ludoviciana Artemisia HQ019048 Garcia, 2011 Utah, USA HQ019006 Garcia, 2011 Utah, USA 
A.  macarthurii Tridentatae 
HQ019067 Garcia, 2011 Wyoming, 
USA 
HQ019025 Garcia, 2011 Wyoming, 
USA 
A. macilenta Dracunculus JF326563 Pellicer, 2011 (DS) JF326619 Pellicer, 2011 (DS) 
A. macrantha Artemisia AM398892 Tkach, 2007 Altai, Kuray AB359879 Tkach, 2007 Altai, Kuray 
A. macrocephala Absinthium LK391727 Pellicer, 2014 LK391722 Pellicer, 2014 
A. magellanica Artemisia GU902814-GU902826 Pellicer, 2014 GU902838 Pellicer, 2014 
A. manshurica Dracunculus JF326564 Pellicer, 2011 (DS) JF326620 Pellicer, 2011 (DS) 
A. maritima Seriphidium  FJ642987 FJ643023 Sanz, 2008 UK JQ844558 Hayat, 2012 (DS) 
A. martirensis Tridentatae 
JX051734 Hobbs, 2013 Sierra San 
Pedro Martir, Baja California, Mexico 
JX069423 Hobbs, 2013 Sierra San 
Pedro Martir, Baja California, Mexico 
A. mauiensis Pacifica JX051755 Pellicer, 2014 JX069437 Pellicer, 2014 
A. medioxima Artemisia FJ642988 Pellicer, 2010 Mongolia FJ642952 Pellicer, 2010 Mongolia 
A.melanolepis Absinthium 
JX445024 JX445052 Sarikhan, 2012 
(DS), Iran 
JX445080Sarikhan, 2012 (DS), Iran 
A. mendozana Tridentatae 
JX051689 Hobbs, 2013 San Juan, 
Argentina 
JX069454 Hobbs, 2013 San Juan, 
Argentina 
A. messerschmidtiana Artemisia AM398894 Tkach, 2007 Central Aymag AM397998 Tkach, 2007 Central Aymag 
A. mexicana Artemisia AF045414-AF079966 Pellicer, 2014 DQ028892 Pellicer, 2014 
A. michauxiana Artemisia AM398895 Tkach, 2007 Utah, La Sal AM397999 Tkach, 2007 Utah, La Sal 
A. molinieri Artemisia 
AF045389 AF079941 Torrel, 1999 
France 
DQ028888 Sanz, 2008 - 
A. molinieri (2) Artemisia JX051690 Hobbs, Baldwin, 2013 (DS) JX069390 Hobbs, Baldwin, 2013 (DS) 
A. momiyamae Artemisia FJ642989 Sanz, 2008 UK FJ642953 Sanz, 2008 UK 
A. mongolica Artemisia 
JX051683 Hobbs, 2013 Yakutsk 
region, U.S.S.R. 
JX069385 Hobbs, 2013 Yakutsk 
region, U.S.S.R. 
A. monosperma Dracunculus JF326565 Pellicer, 2011 (DS) JF326622 Pellicer, 2011 (DS) 
A. monostachya Dracunculus JF326566 Pellicer, 2011 (DS) JF326623 Pellicer, 2011 (DS) 
A. montana Artemisia FJ642991-FJ643027 Pellicer, 2014 FJ642955 Pellicer, 2014 
A. nanschanica Dracunculus JF326567 Pellicer, 2011 (DS) JF326624 Pellicer, 2011 (DS) 
A. nesiotica Tridentatae 
HQ019049 Garcia, 2011 California, 
USA 
HQ019007 Garcia, 2011 California, 
USA 
A. nitida Absinthium JX051698 Pellicer, 2014 JX069398 Pellicer, 2014 
A. nitrosa Seriphidium 
JX051654 Hobbs, 20103 Aktyubinsk 
region, Kazakhstan 
JX069363 Hobbs, 20103 Aktyubinsk 
region, Kazakhstan 
A. niitakayamensis Dracunculus FJ642992-FJ643028 Pellicer, 2014 FJ642956 Pellicer, 2014 
A. norvegica var villosula Artemisia AM398898 Tkach, 2007 Polarnyy Ural AM398001 Tkach, 2007 Polarnyy Ural 
A. nova Tridentatae HQ019050 Garcia, 2011 Utah, USA HQ019008 Garcia, 2011 Utah, USA 
A. nova var. duchesnicola Tridentatae HQ019051 Garcia, 2011 Utah, USA HQ019009 Garcia, 2011 Utah, USA 
A. nutans Seriphidium 
JX051661 Hobbs, 2013 Siena Prov., 
Italy 
JX069445 Hobbs, 2013 Siena Prov., 
Italy 
A. obscura Artemisia 
AM398899 Tkach, 2007 Bayanhongor 
Aymag 
AM398003 Tkach, 2007 Bayanhongor 
Aymag 
A. obtusiloba subsp altaiensis Artemisia 
AM398900 Tkach, 2007 Altai, Kosh-
Agach 
AM398004 Tkach, 2007 Altai, Kosh-
Agach 
139 
A. oelandica Artemisia JX051692 Hobbs, 2013 Denmark JX069392 Hobbs, 2013 Denmark 
A. opulenta Artemisia 
AM398901 Tkach, 2007 Kamchatka, 
Penzhina river 
AM398005 Tkach, 2007 Kamchatka, 
Penzhina river 
A. ordosica Dracunculus JF326568 Pellicer, 2011 (DS) JF326625 Pellicer, 2011 (DS) 
A. oxycephala Dracunculus JF326569 Pellicer, 2011 (DS) JF326626 Pellicer, 2011 (DS) 
A. palmeri Artemisia 
HQ019052 Garcia, 2011 San Diego, 
California, USA 
HQ019010 Garcia, 2011 San Diego, 
California, USA 
A. palustris Artemisia  
AM398902 Tkach, 2007 Chita district, 
Onon 
AM398006 Tkach, 2007 Chita district, 
Onon 
A. pamirica Dracunculus JF326571 Pellicer, 2011 (DS) JF326628JF326686 Pellicer, 2011(DS) 
A. pancicii Artemisia TCH KA12.7 Civeyrel (Unpb), Czech  
A. pattersonii Tridentatae 
JX051737 Hobbs, 2013 Boulder, 
Colorado 
JX069425 Hobbs, 2013 Boulder, 
Colorado 
A.pectinata Artemisia EF577316 Zhao, 2007 China DQ028895 Sanz, 2008 
A. pedatifida Tridentatae 
HQ019053 Garcia, 2011 Wyoming, 
USA 
HQ019011 Garcia, 2011 Wyoming, 
USA 
A. pedemontana Absinthium 
JX051702 Hobbs, 2013 Teruel Prov., 
Spain 
JX069456 Hobbs, 2013 Teruel Prov., 
Spain 
A. persica Artemisia 
AF504152 AF504179 Sanz, 2008 
Uzbekistan 
DQ028880 Sanz, 2008 Uzbekistan 
A. pewzowii Dracunculus JF326572 Pellicer, 2011 (DS) JF326629 Pellicer, 2011 (DS) 
A. phaeolepis Artemisia 
AM398905 Tkach, 2007 Bayanhongor 
Aymag. Ih Bogd Uul 
AM398009 Tkach, 2007 Bayanhongor 
Aymag. Ih Bogd Uul 
A. pontica Abrotanum JX051663 Hobbs, 2013 Pontic Alps JX069366 Hobbs, 2013 Pontic Alps 
A. porteri Tridentatae HQ019054 Pellicer, 2011 (DS) HQ019012 Garcia, 2011 USA 
A. potentilloides var. nitrophila Tridentatae JX051760 Hobbs, 2013 Bridgeport, CA JX069441 Hobbs, 2013 Bridgeport, CA 
A. princeps Artemisia 
AM398906 Tkach, 2007 Bayanhongor 
Aymag. Ih Bogd Uul 
AB359881 Masuda, 2007 (DS) 
A. pubescens Dracunculus 
AM398907 Tkach, 2007 Yakutiya, Lena 
river 
AM398010 Tkach, 2007 Yakutiya, Lena 
river 
A. punctigera Artemisia 
AM398908 Tkach, 2007 Sakhalin, 
Shmidt peninsula 
AM398011 Tkach, 2007 Sakhalin, 
Shmidt peninsula 
A. pycnocephala Dracunculus JF326809 Pellicer, 2011 (DS) JF326630 Pellicer, 2011 (DS) 
A. pycnorhiza Dracunculus JF326574 Pellicer, 2011 (DS) JF326631 Pellicer, 2011 (DS) 
A. pygmaea Tridentatae HQ019055 Garcia, 2011 Utah, USA HQ019013 Garcia, 2011 Utah, USA 
A. quettensis Seriphidium 
KM391968 KM391973 Sarikhan, 2012 
(DS), Iran 
KM391978Sarikhan, 2012 (DS), Iran 
A. ramosa Seriphidium FJ642994 Pellicer, 2010 UK FJ642958 Pellicer, 2010 UK 
A. reptans Artemisia 
AF045391 AF079944 Torrel, 1999 
Morocco 
DQ028847 Sanz, 2008 Morocco 
A. rigida Tridentatae 
JX051720 Hobbs, 2013 Idaho Co., 
Idaho 
JX069414 Hobbs, 2013 Idaho Co., 
Idaho 
A. rothrockii Tridentatae 
HQ019057 Garcia, 2011 California, 
USA 
HQ019015 Garcia, 2011 California, 
USA 
A. roxburghiana Artemisia KC493076 Hayat 2013 (DS) JX069384 Hobbs, 2013 Himalaya 
A. rupestris Artemisia 
AM398910 Tkach, 2007 Chita district, 
52°13' 15.16739'' N 
AM398013 Tkach, 2007 Chita district, 
52°13' 15.16739'' N 
A. rutifolia Absinthium 
AM398911 Tkach, 2007 Altai, Kosh-
Agach, 49°42'N 88°27'E 
JQ844570 Hayat 2013 (DS) 
A. sacrorum Artemisia 
JX051733 Hobbs, 2013 Shansi Prov., 
China 
JX069422 Hobbs, 2013 Shansi Prov., 
China 
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A. salsoloides Dracunculus 
AB359699 AB359785 Masuda, 2009 
Russia 
AB359882 Masuda, 2009 Russia 
A. salsoloides Dracunculus JF342550 Pellicer, 2011, - JF342553 Pellicer, 2011, - 
A. samoiedorum  Artemisia 
AM398912 Tkach, 2007 Yakutiya, 
Yenisey-river, Igarka 
AM398015 Tkach, 2007 Yakutiya, 
Yenisey-river, Igarka 
A. santolinifolia Artemisia AM398913 Tkach, 2007 Bayanhongor DQ028836 Tkach, 2007 Bayanhongor 
A. saposhnikovii Dracunculus JF326575 Pellicer, 2011 (DS) JF326632 Pellicer, 2011 (DS) 
A. schmidtiana Artemisia JX051699 Hobbs, 2013 Japan JX069399 Hobbs, 2013 Japan 
A. scoparia Dracunculus JF326576 Pellicer, 2011 (DS) DQ028857 Sanz, 2008 Armenia 
A. scopulorum Tridentatae 
JX051709 Hobbs, 2013 Garfield Co., 
Colorado 
JX069404 Hobbs, 2013 Garfield Co., 
Colorado 
A. selengensis Artemisia FJ642998 Pellicer, 2010 Mongolia FJ642962 Pellicer, 2010 Mongolia 
A. senjavinensis Artemisia 
AM398915 Tkach, 2007 Itygran Island 
(SE Chukotka coast) 
AM398018 Tkach, 2007 Itygran Island 
(SE Chukotka coast) 
A. serrata Artemisia 
JX051706 Hobbs, 2013 Douglas Co., 
Wisonsin 
JX069401 Hobbs, 2013 Douglas Co., 
Wisonsin 
A. sieberi Seriphidium 
AF045407 Torrell, 1999 Iran, Tehran, 
Sorkhehesar 
DQ028876 Sanz, 2008 Iran 
A. sieversiana Absinthium AM398917 Tkach, 2007 Altai, Onguday DQ028851 Sanz, 2008 Uzbekistan 
A. sodiroi Tridentatae 
JX051667 Hobbs, 2013 Schellin (near 
Cuenca), Equador 
JX069370 Hobbs, 2013 Schellin (near 
Cuenca), Equador 
A. songarica Dracunculus JF326577 Pellicer, 2011 (DS) JF326634 Pellicer, 2011 (DS) 
A. sosnovskyi Dracunculus FJ642999 FJ643035 Pellicer, 2010 - JF326635 Pellicer, 2011 (DS) 
A. sphaerocephala Dracunculus JF326579 Pellicer, 2011 (DS) JF326636 Pellicer, 2011 (DS) 
A. spiciformis Tridentatae HQ019059 Garcia, 2011 Utah, USA HQ019017 Garcia, 2011 Utah, USA 
A. spinescens Tridentatae JX051727 Hobbs, 2013 Nye Co., NV JX069463 Hobbs, 2013 Nye Co., NV 
A. splendens Artemisia AF045396 AF079948 Torrel, 1999 Iran DQ028845 Sanz, 2008 Iran 
A. stelleriana Artemisia 
JX051679 Hobbs, 2013 Primorsky 
Region, Russia 
JX069382 Hobbs, 2013 Primorsky 
Region, Russia 
A. stolonifera Artemisia JX051680 Hobbs, 2013 China JX069452 Hobbs, 2013 China 
A. subarctica Artemisia 
AM398920 Tkach, 2007 Yakutia, 
Kondakovskie Gory, Indigirka river 
AM398023 Tkach, 2007 Yakutia, 
Kondakovskie Gory, Indigirka river 
A. subdigitata Dracunculus 
JX051739 Hobbs, 2013 Western Hubei 
Provence, China 
JX069428 Hobbs, 2013 Western Hubei 
Provence, China 
A. subviscosa Artemisia 
AM398921 Tkach, 2007 Chita district, 
Klichka 
AM398024 Tkach, 2007 Chita district, 
Klichka 
A. superba Artemisia 
HAL45995 AM398922 Tkach, 2007 
Arvayheer 
AM398025 Tkach, 2007 Arvayheer 
A. sylvatica Artemisia JX051685 Hobbs, 2013 China JX069386 Hobbs, 2013 China 
A. tanacetifolia Artemisia 
AM398923 Tkach, 2007 Yakutiya, 
Bytantay river 
AM398026 Tkach, 2007 Yakutiya, 
Bytantay river 
A. tanaitica Dracunculus JF342551 Pellicer, 2011 (DS) JF342554 Pellicer, 2011 (DS) 
A. tilesii Artemisia 
JX051735 Hobbs, 2013 Kenai 
Peninsula, Alaska 
JX069424 Hobbs, 2013 Kenai 
Peninsula, Alaska 
A. tomentella Dracunculus JF326581 Pellicer, 2011 (DS) JF326638 Pellicer, 2011 (DS) 
A. tridentata ssp tridentata  Tridentatae HQ019060 Garcia, 2011 Utah, USA HQ019018 Garcia, 2011 Utah, USA 
A. tridentata ssp vaseyana Tridentatae HQ019061 Garcia, 2011 Utah, USA HQ019019 Garcia, 2011 Utah, USA 
A. tridentata ssp wyomingensis Tridentatae HQ019062 Garcia, 2011 Utah, USA HQ019020 Garcia, 2011 Utah, USA 
A. tripartita ssp rupicola Tridentatae 
HQ019064 Garcia, 2011 Wyoming, 
USA 
HQ019022 Garcia, 2011 Wyoming, 
USA 
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A. tripartita ssp tripartita Tridentatae HQ019065 Garcia, 2011 Idaho USA HQ019023 Garcia, 2011 Idaho USA 
A.tschernieviana Dracunculus 
JX445030 JX445058 Sarikhan, 2012 
(DS), Iran 
JX445086 Sarikhan, 2012 (DS), Iran 
A. umbelliformis Absinthium 
AY180196 AY180197 Andrea, 2002 
(DS) 
DQ028843 Sanz, 2008 Spain 
A. umbrosa Artemisia FJ643004 Pellicer, 2010 Russia FJ642968 Pellicer, 2010 Russia 
A. vallesiaca Seriphidium FJ643005 Pellicer, 2010 UK JX069446 Hobbs, 2013 Swiss Alps 
A. vulgaris Artemisia KC493070 Hayat, 2013 (DS) 
JX069381 Hobbs, 2013 Glantal, 
Austria 
A. waltonii Dracunculus JF326582 Pellicer, 2011 (DS) JF326639 Pellicer, 2011 (DS) 
A. wellbyi Dracunculus JF326583 Pellicer, 2011 (DS) JF326640 Pellicer, 2011 (DS) 
A. xanthochroa Dracunculus JF326584 Pellicer, 2011 (DS) JF326641 Pellicer, 2011 (DS) 
A. xerophytica Absinthium 
AM398929 Tkack, 2007 
Banyanhorngor Aymag, Bogd Sum 
AM398031 Tkack, 2007 
Banyanhorngor Aymag, Bogd Sum 
A. xylorrhiza Dracunculus JF326585 Pellicer, 2011 (DS) JF326642 Pellicer, 2011 (DS) 
Outgroups  
Ajania fruticulosa  EF577273 Zhao, 2010 China AB359851 Masuda, 2009 
Ajania myriantha  EF577275 Zhao, 2010 China AB359854 Masuda, 2009 
Ajania nematoloba  EF577276 Zhao, 2010 China AB359855 Masuda, 2009 
Anthemis arvensis  EU179214 Kersten, 2007 EU747088 Kersten, 2008 
Anthemis cotula  EU179216 Kersten, 2007 EU747090 Kersten, 2008 
Chrysanthemum oreastrum  EF577304 Zhao, 2010 AB359839 Masuda, 2009 




Figure 1A. 50% majority-rule consensus tree from Bayesian inference of the combined 
ITS+3’ETS dataset. Posterior probability values (PP) are indicated below branches and 
parsimony bootstrap values (BS) are indicated above branches. A traditional classification 
(section/subgenus) criteria is also mapped with different color in the tree. 
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Figure 1B. 50% majority-rule consensus tree from Bayesian inference of the combined 
ITS+3’ETS dataset. Posterior probability values (PP) are indicated below branches and 
parsimony bootstrap values (BS) are indicated above branches. A traditional classification 
(section/subgenus) criteria is also mapped with different color in the tree. 
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Figure 1C. 50% majority-rule consensus tree from Bayesian inference of the combined 
ITS+3’ETS dataset. Posterior probability values (PP) are indicated below branches and 
parsimony bootstrap values (BS) are indicated above branches. A traditional classification 
(section/subgenus) criteria is also mapped with different color in the tree. 
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Figure 2. 50% majority-rule consensus tree from Bayesian inference of the combined 
ITS+complete ETS dataset. Posterior probability values (PP) are indicated below branches 
and parsimony bootstrap values (BS) are indicated above branches. A traditional classification 
(section/subgenus) criteria is also mapped with different color in the tree. 
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Conclusion and Perspective 
The present thesis provides phylogenetic frameworks and new highlights for Verbascum and 
Artemisia,  
Verbascum (Scrophulariaceae) is one of the main genera of the Mediterranean region and 
comprises 44 species in Iran of which 21 are endemic (47,7%). Most of its endemic species 
belong to Irano-Turanian region. There is no robust subgeneric classification for this genus in 
Flora Iranica and in other floras. Some attempts have been done to provide a subgeneric 
classification, but almost all of them suffer lack of sufficient taxa (Juan et al. 1997, Attar et al. 
2007, Kheiri et al. 2009, Cabi 2011, Al-Hadeethy et al. 2014, Ghahremaninejad et al. 2015). 
To build our phylogeny we collected 77 taxa of Iranian Verbascum representing of 37 species 
to find if  molecular data can support  classification based on morphological characters that 
have suggested by Murbeck (1933) and Huber-Morath (1978, 1981) and explore their 
evolutionary history.  
 
We studied four important characters, used by Murbeck (1933) and Huber-Morath (1978, 
1981) for classification, and selected four chloroplastic (trnL-F, trnS-G, trnH-psbA and partial 
matK) and one nuclear (ITS) molecular markers to construct a phylogeny i) to test the 
monophyly of Verbascum. ii) to test subgeneric classifications suggested by Murbeck and 
Huber-Morath. 
The ITS matrix provided more informative and variable characters than each chloroplastic 
region alone. 
Despite some incongruences, we decided to combine the two data sets and we got a tree with 
better topology and supported clades. 
 
The main results of this thesis on Verbascum can be summarized as below: 
The monophyly of the genus Verbascum is strongly supported in all separated and combined 
trees, and it confirms the decision of Ferguson (1972) and Huber-Morath (1978, 1981) to sink 
the genus Celsia with four stamens into the genus Verbascum that have five stamens. 
We studied four main morphological characters used by Murbeck and Huber-Morath but they 
are not monophyletic and cannot be used for infrageneric classification.  
Two incongruences situation in the trees comparison (Nuclear and chloroplastic), revealed 
two un-named species (V. sp. 42993 and V. sp. 22272) can possibly be hybrid between V. 
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thapsus and V. sinuatum and  another un-named species (V. sp. 21270) can be possibly a 
hybrid between V. nudicaule and V. intricatum.  
During the field trips and the examination of herbaria specimens, we found two new species, 
V. shahsavarensis and V. parsana, and two new records for flora of Iran: V. oreophilum var. 
oreophilum and V. cheiranthifolium var. asperulum. 
 
The present thesis provides a phylogenetic framework for the first time for nearly all species 
of Iranian Verbascum.  
Our analyses provide the foundation for future studies with more taxa from neighbouring 
countries specially from Turkey to gain a better understanding of evolution of this genus and 
to propose a natural infrageneric classification, and showed that the four tested morphological 
characters are polyphyletic and cannot be used to define monophyletic groups of Verbascum 
in Iran. We need to complete the sampling and add more taxa representing all groups defined 
by Murbeck (1933) and Huber-Morath (1978-1981) to propose a sub-generic classification of 
this genus. 
 
Artemisia L., one of the largest genera of the family Asteraceae, comprises more than 500 
taxa. It is distributed in temperate areas of the Northern hemisphere and is usually the 
dominant plant in some plant communities such as steppe, subalpine steppe, shrubby steppe, 
semi-desert and desert steppe. The most important centers of diversification of Artemisia are 
Central Asia, then Europe, northern America and South Africa. The Mediterranean region is 
an important centre of diversification for Artemisia and especially Iran and Turkey, which 
have one of the most diversified floras of SW Asia. Most of that floristic richness is found in 
the irano-turanian region, situated at an intersection of several biogeographical regions 
(Zohary 1973, Davis 1965-1985). We sampled all the Artemisia species of Turkey and Iran. 
Artemisia has 34 species in Iran with eight endemic and has the widest distribution after 
Astragalus in Iran. It is one of the main characteristic genera found in steppes of those 
countries and is especially common in Irano-Turanian and Hyrcanian regions. From the view 
of biogeography, in Iran and Turkey, 14 taxa out of 26 in Turkey (54%) and 24 from Iran 
(63%) are in common.  
 
Artemisia is taxonomically extremely complicated and difficult. Species display a great array 
of forms, and overlapping of features and morphologic polymorphisms are commonly seen. 
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Many attempts have been done to establish an infrageneric classification of this large genus 
since De Candolle (1837) with works by Poljakov (1961) Tutin et al. (1976), Ling et al. 
(2008) and Shultz (2008). The most recent classification, which is more or less widely 
accepted, is based mainly on the capitula type and florets fertility which lead to five major 
groups treated at subgeneric or sectional rank (Absinthium, Artemisia, Dracunculus, 
Seriphidium, Tridentatae) (Torrel 1999, Valles 2001, Pellicer et al. 2011a), but in Flora 
Iranica (Podlech 1986) and recent works on the genus in Turkey only subgenera: Artemisia, 
Seriphidium and Dracunculus are recognized (Kursat 2010; Kursat et al. 2011) (Absinthium 
and Artemisia are merged). We have two goals for this study i) test the classification based on 
morphological characters for those Iranian and Turkish taxa with molecular tools and the 
evolutionary history of those taxa; ii) assess whether the inclusion of those taxa will modify 
the phylogenetic results of previous large molecular studies. Several species, also collected 
recently in France and Europe that have not been included previously, have been included in 
our studies for the same reason. 
 
The ITS and ETS produced well-resolved trees, and the ETS has more variable and 
potentially informative sites, but the combination of ITS and ETS was even better. 
The addition of Iranian and Turkish taxa do not show any conflicts in topology among the 
major Artemisia lineages and the results largely agreed with previous studies except for A. 
deserti and A. persica from Iran. The genus Artemisia forms a monophyletic group with high 
support but the situation of subgenera is different, the subg. Artemisia (including Absinthium) 
is dispersed in the tree with four sub-clades. Subgenera Seriphidium and Dracunculus have 
one main clade for each and a few dispersed species.  
Only the sub-genera Tridentatae and Pacifica defined in Hobbs (2013) are monophyletic in 
both analyses.  
We found some taxa that did now follow the traditional classification like A. deserti from Iran 
in the tree, so they need to be re-examined closely to make subgerena Seriphidium, 
Dracunculus and sect. Absinthium monophyletic. 
The position of A. parviflora in the subg. Seriphidium is also problematic. In the flora of 
China, A. parviflora belongs to section Latilobus based on leaf lobules (17 Chinese species 
out of 186 belong to this section) (Ling 2008). We propose to treat this taxon as flora of China 
as a member of Latilobus. 
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Subgenus Artemisia (including sections Artemisia, Abrotanum and Absinthium) is 
polyphyletic because of its several clades scattered throughout the tree in both analyses. It 
cannot be supported as a monophyletic group at all. The Iranian and Turkish taxa nested 
among other taxa without any major conflict except A. deserti and A. persica.  
 
The Absinthium taxa have been treated differently depending on author, some investigators 
group them in a subgenus or define them as a section. This difference in classification is 
found also in recent molecular works (Pellicer 2011a, 2011b, 2014; Hayat 2010; Hobbs & 
Baldwin, 2013). Nevertheless, whatever the taxonomic rank retained, its monophyly can be 
discussed as it is close to form a monophyletic group, if we include A. persica into subg. 
Seriphidium as it has more affinity with this section.  
The section Artemisia and Abrotanum of the subgenera Artemisia form monophyletic groups. 
 
The European samples A. armeniaca, A.insipida and A. pancicii belong to subg. Artemisia 
sect. Abrotanum made a group with high bootstrap support (BS=100). The situation 
of sect. Absinthium is more complicated with the two isolated samples of A. persica in clade 
B and clade A3 wherein is included A. deserti belonging to subg. Seriphidium. 
 
Our ITS and ETS sequence analysis clearly states that some subgenus or sections of Artemisia 
require changes in their delimitation.  This study also confirms discordance between 
taxonomic delimitation and molecular phylogenies which should be explained by the use of 
unreliable and/or unstable morphological characters. Apparently homogamous or 
heterogamous capitula are not a “good characteristic” for the classification of subgenera.  
 
Our sampling represents all subdivisions (from subgenera to sections) of the genus Artemisia, 
from where we collected our samples or nearly all available sequences from GenBank, The 
Iranian and Turkish species of Artemisia belongs to three subgenera: Artemisia, Dracunculus 
and Seriphidium. Iranian and Turkish species in subgenus Artemisia have a long history with 
accumulation of mutation where Iranian and Turkish Artemisia subgenus Seriphidium have 




Conclusion et perspectives 
La présente thèse fourni un cadre phylogénétiques pour les genres Verbascum et Artemisia en 
Iran. 
 
Le genre Verbascum (Scrophulariaceae) est l'un des plus riche en espèces de la région 
méditerranéenne avec environ 400 espèces, et comprend 44 espèces en Iran, dont 21 sont 
endémiques. La plupart des espèces endémiques appartiennent à la région irano-touranienne.  
Il n'y a pas de classification infra-générique robuste pour ce genre et très peu d’études 
phylogénétiques permettant de retracer son évolution. Nous avons essayé de définir des 
caractères morphologiques qui puissent définir des groupes monophylétiques et nous avons 
pour cela utilisé les caractères proposés par Murbeck (1933) et Huber-Morath (1978, 1981). 
Pour construire notre phylogénie, nous avons récolté 77 taxa iraniens de Verbascum 
représentant 37 espèces.  
 
Nous avons étudié quatre caractères importants, utilisés par Murbeck (1933) et Huber-Morath 
(1978, 1981), et pour l’analyse phylogénétique sélectionné quatre régions chloroplastique 
(trnL-F, trnS-G, trnH-psbA et matK partiel) et une nucléaires (ITS). Notre objectif était de: 
 i) pour tester la monophylie des Verbascum, en particulier par rapport à Celsia. ii) de tester 
les classifications infra-génériques de Murbeck et d’Huber-Morath.  
 
Trois analyses principales ont été discutées, M1 avec la matrice ITS, qui possède plus de sites 
informatifs et variables que chaque région chloroplastic seule, une analyse chloroplastique 
combinée entre les 4 régions M6 et enfin une analyse combinée ITS + CHL (M7).  
 
Les principaux résultats de cette thèse sur Verbascum sont: 
La description de deux nouvelles espèces, V. shahsavarensis et V. parsana, et deux nouveaux 
records pour la flore de l'Iran: V. oreophilum var. oreophilum et V. cheiranthifolium var. 
asperulum récoltés au cours des visites sur le terrain et de l'examen d'échantillons d’ herbiers  
La monophylie du genre Verbascum est fortement soutenue dans tous les arbres séparés et 
combinés, et il confirme la décision de Ferguson (1972) et Huber-Morath (1978, 1981) 
d’inclure le genre Celsia (quatre étamines) dans le genre Verbascum (cinq étamines). 
L’analyse morphologique n’a pas permis de dégager des caractères morphologiques 
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utilisables pour la classification infragénérique, La présente thèse fournit un cadre 
phylogénétique pour la première fois depuis près de toutes les espèces de Verbascum iranien. 
 
Nos analyses, serviront de base à de futures études avec plus de taxons des pays voisins, 
spécialement en provenance de Turquie afin d'avoir une meilleure compréhension de 
l'évolution de ce genre et de proposer une classification infra-générique naturelle. 
 
Artemisia L., un des plus grands genres de la famille des Asteraceae, comprend plus de 500 
taxons. Il est distribué dans les zones tempérées de l'hémisphère Nord et est généralement la 
plante dominante dans certaines communautés végétales telles que la steppe, la steppe 
subalpine, la steppe arbustive et semi-désertique. Les centres les plus importants de la 
diversification d'Artemisia sont l'Asie centrale, l'Europe, le Nord de l'Amérique et l'Afrique du 
Sud. La région méditerranéenne est un centre important de diversification pour Artemisia, 
surtout l'Iran et la Turquie, qui ont l'une des flores les plus diversifiés d'Asie centrale. La 
plupart de cette richesse floristique se trouve dans la région irano-touranienne, située à 
l'intersection de plusieurs régions biogéographiques (Zohary 1973, Davis 1965 - 1985). Nous 
avons échantillonné toutes les espèces d'Artemisia de Turquie et d'Iran (34 sp. dont huit 
endémiques). Artemisia est l'un des principaux genres caractéristiques des steppes d'Iran et de 
Turquie et est particulièrement fréquent dans les régions irano-touranienne et hyrcaniennes. 
Du point de vue biogéographique, 14 taxons sur 26 en Turquie (54%) et 24 de l'Iran (63%) 
sont en commun. 
 
Artemisia est taxonomiquement extrêmement difficile. Les espèces présentent une grande 
diversité de formes, et des caractéristiques morphologiques  complexes. 
De nombreuses tentatives ont été faites pour établir un classement infra-générique de ce grand 
genre depuis De Candolle (1837) (Poljakov 1961,Tutin et al. 1976, Ling et al. 2008, Shultz 
2008). La classification la plus récente, plus ou moins largement acceptée, est principalement 
basée sur le type de capitules et fleurons fertiles avec cinq grands groupes traités au rang de 
sous-genres ou de sections (Absinthium, Artemisia, Dracunculus, Seriphidium, Tridentatae) 
(Torrel 1999, Valles 2001 Pellicer et al 2011a). Dans Flora Iranica (Podlech 1986) et les 
travaux récents sur le genre en Turquie trois sous-genres: Artemisia, Seriphidium et 
Dracunculus sont reconnus (Kursat 2010; Kursat et al 2011) (Absinthium et Artemisia. sont 
fusionnés). Nous avons deux objectifs pour cette étude i) tester la classification basée sur les 
caractères morphologiques pour les taxons iraniens et turcs avec des outils moléculaires et 
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l'histoire évolutive de ces taxons; ii) évaluer si l'inclusion de ces taxons peut modifier les 
résultats des grandes études phylogénétiques moléculaires précédentes en matière de 
classification du genre.  
Plusieurs espèces, également recueillies récemment en France et en Europe non incluses 
précédemment, ont été rajoutées dans nos études pour cette raison. 
 
L'ajout de taxons iraniens et turcs ne produisent pas de conflits dans la topologie entre les 
lignées majeures d'Artemisia et les résultats largement congruents avec les études précédentes 
à l'exception de la A. deserti et A. persica d'Iran. Le genre Artemisia forme un clade 
monophylétique avec un soutien élevé, mais la situation des sous-genres est différente, le 
sous-genre Artemisia (y compris Absinthium) est dispersé dans l'arbre dans quatre sous-
clades. Les sous-genres Seriphidium et Dracunculus se répartissent dans un clade principal 
pour chacun avec quelques espèces dispersées. 
Nos résultats confirment la décision d’inclure certaines espèces comme A. capitata (syn. 
Sphaeromeria capitata) et A. nuttallii (Sphaeromeria argentea) dans le genre Artemisia 
(Garcia 2011b). Seul les sous-genres Tridentatae et Pacifica (Hobbs 2013) sont 
monophylétique dans les deux analyses. 
 
La position de certains taxons comme A. deserti  a besoin d'être ré-examiné. La position d’ A. 
parviflora dans le subg. Seriphidium est également problématique. Le sous-genre Artemisia (y 
compris les sections Artemisia, Abrotanum et Absinthium) est polyphylétique dans les 
analyses.  
 
Le sous-genre Absinthium a été traité différemment selon les auteurs, comme un sous-genre 
ou une section. Néanmoins, quelque soit le rang taxonomique retenu, il est proche de la 
monophylie, si nous incluons A. persica dans Seriphidium. 
Les section Artemisia et Abrotanum du sous-genre Artemisia  forment des groupes 
monophylétiques. 
 
Les échantillons européens A. armeniaca, A. insipida et A. pancicii appartiennent au sous-
genre Artemisia sect. Abrotanum fait un groupe avec un soutien élevée (BS = 100).  
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Nos analyses avec ITS et ETS indiquent clairement que certains sous-genres ou sections 
d'Artemisia exigent des changements dans leur délimitation en raison de la discordance entre 




















Appendices   
Appendix I: Verbascum determination key of Flora Iranica (Huber-Morath 1981): 
 
Verbascum L., Spec. Plant. 177 (1753); Gen. plant. ed. 5: 83 (1754). 
Syn.: Celsia L., Spec. Plant. 621 (1753); Gen. Plant. ed. - 5: 272 (1754). Janthe GRISEB., Spicil. Fl. Rumel. 2: 
243 (1846). Staurophragma FISCH. & c. A. MEV., Ind. Sem. Horti Petrop. 9: 90 (1843). 
 
Key: 
1a. planta pilis stellato- vel dendroideo-ramosis omnino destituta. Flores in bractearum axillis solitarii . . . .  2 
  b. planta saltern inferne pilis stellato- vel dendroideo-ramosis obsita. Flores in bractearum axillis solitarii vel 
fasciculati . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . .  . . . . . . .. . . .  . . . .  . . . . . . . . . .  .  . . 21 
2a. planta pilis simplicibus glanduligeris obsita, pilis eglanduligeris destituta.  . . .. . . . . . .  . .  . . . .  . . . . .  . 3 
  b. planta pilis simplicibus eglanduligeris et glanduligeris obsita . . . . . . . . . . . .  . . . . . . . . . . .  . .  . .  .  . . .  5 
3a. Stamina 4. Antherae staminum 2 anticorum in filamento adnato-decurrentes (basifixae), 4-5 mm longae    . . .  
. . .  . .  . . .  . . . . . . . . . . . . . . . . . . . .  . .  … … . … … … … … … … . 15. V. bornmuellerianum Hub.-Mor. 
  b. Stamina 5. Antherae staminum 2 anticorum in filamento adnato-decurrentes, 2-4 mm longae .  . . . . . . 4 
4a. Planta tota pilis glanduligeris crebris valde inaequilongis viscosa. Bracteae omnes pedicello multo longiores. 
. . . . . . . . . .  . .  . . . .  . .  . .  . . . . . . . .. . . . . . . .  . .  . . . .  . . . . . . . . . . .  . . . . . . . .. 17. V. macrocarpum Boiss. 
  b. planta superne glandulis breviuscule stipitatis vel subsessilibus obsita, inferne glabra. Bracteae superiores 
pedicello breviores ..  . . .  . .  . . . .  .  . . . .  . . . . . .  . . . . . . . . . .  . . . . .. . . . . . .  . .. . . .  . . .. 16. V. blattaria L. 
5a. Stamina 5. Antherae omnes reniformes, mediofixae  . . . . . . . . . . . . .  . . . . .  .  . . . . .  . . .  . . . . .  . . . . . 6 
  b. Stamina 4. Antherae omnes reniformes, mediofixed  . . . . . . . . . . . . . .. . . . .  . . . . .  ..  . . .     . . . . . . . . 7 
6a. Corolla violacea vel rubra vel fusca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13. V. phoeniceum L. 
  b. Corolla lutea vel lutescenti-viridis . . . . . . . . . … . . . . . . . . . . . 14. V. flavidum (Boiss.) Freyn & Bornm. 
7a. planta annua. Bracteae pedicellis fructiferis longiores. Capsula apice a lateribus compressa, dorso ventreque 
± carinata … . .  . . .. . . . . .  . . .  . . . .  . . . . . .  .  . . . . . .. . . .  .  . . . . . .  . . . . . . . .  . ... 1. V. orientale (L.) All. 
  b. Planta biennis vel perennans, rarius annua. Bracteae pedicellis fructiferis breviores. Capsula apice non 
carinata . . . . . . . . . . . .  .. . ..  . . .  . .. .. .  . . . . .  . . . . . . . . . . . . . . . . . . . .. . . .  . . .  . . . . . . .  . . . . . . . . . . . .8 
8a. Folia inferiora indivisa vel sublobata ... . .. : . . . . . . . . . . . . . . .   . . .  . . . . . .  . . …    . . . . . . . . . .. . . . . 9 
  b. Folia inferiora ± divisa. pinnatifida vel lyrato-pinnatipartita . .  … . . . . .  . . . . .  . . .   . .  . . . . .  . . .  . .14 
9a. Folia omnia integerrima vel obsolete serrato-dentata . . . . . . . . . . . . 9. V. austroiranicum Hub.-Mor. 
  b. Folia inferiora distincte serrato- vel crenato-dentata vel sublobata  . . .  . . . . . . .  . . .  . . . . . . .   . . . .. 10 
l0a. Folia basalia ad petiolum et infra pilis longissimis eglandulosis crispo-villosa, saltern interiora insuper 
verrucoso-glandulosa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 4. V. disjectum (Murb.) Hub.-Mor. 
  b. Folia basalia pilis longissimis crispo-villosis destituta . . . . . . . . . . . … . . . . . . . . . . . . . . .  . .  . . . . .. 11 
11a. Folia basalia dense glandulosa, nec non pilis longioribus sparsis vel crebrioribus obsita ..... . .  . ... . ..... . . . .  
. . . . . .  . . . . . . . . . .  . . . . .  . . . . .  . . .  . . . ..  . . . .  . . . . . . . .  .  ...... 10. V. lyprocarpum (Murb.) Hub.-Mor. 
  b. Folia basalia dense et breviter tomentello-puberula, eglandulosa vel parce glandulosa  . . . .  . . . . . .  12 
12a. Calyx 2-2,5 mm longus. Corolla vix ultra 10 mm diam. Capsula 3-3,5 mm longa .... . .... . .... . . . ..  
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. . . . .  . . . . . . . . .  .  . . .  . . . . . ... . . . ... . . . . .  ……………….……    . . .  . . .  . . . . . . .  2. V. intricatum Kuntze 
  b. Calyx 2,5-5 mm longus. Corolla 16-22 mm diam. Capsula 4,5-6 mm longa  . . . .  . . . . . . . . . . . . .  13 
13a. Calycis glandulae longius stipitatae. Corolla extus ± dense hirtella, saepius insuper glandulosa  . . . . .  .  . . . 
. . . . . .  . . . .  . . . . .  .. . . . .  . .  . . .   . . . . . . .  . . . .  . . .  . . .  . . . . .  . . . . . . . ..... 3. V. aucheri (Boiss.) Hub.-Mor. 
  b. Calycis glandulae subsessiles. Corolla extus glaberrima vel parce glandulosa · ... . . .  . . . . .  . . . . . . . . . .  . . .  
. . .  . . . .  . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . .  . . . .. . . . 6. V. suworowianum (K. Koch) O. Kuntze 
14a. Calyx totus glaberrimus . . . . . . . . . . . . . . . . .  .  . . . .  . . . . .. 12. V. agrimoniifolium (K. Koch) Hub.-Mor. 
  b. Calyx glandulosus vel glanduloso-pubescens . . . . . . . . . . . . . . . . . . . . ... . . . . .. . .. . . .. . . . . . . . . . . . . . .. 15 
15a. Folia basilaria eglandulosa, undique dense ac breviter tomentello-puberula vel albo-canescentia   
…………………………………………………………………………………. . .………………………….. .. 16 
  b. Folia basilaria undique glandulosa vel glanduloso-villosula vel minutissime glanduloso-puberula . .  
………………………………………………………………………………………….………… ………. ..  . .19 
16a. Calycis glandulae subsessiles. Corolla extus glaberrima vel parce glandu losa, non hirtella … . . . . . .  . . 17 
  b. Calycis glandulae longiuscule stipitatae. Corolla extus hirtella (saepius etiam glandulosa)  . . .  . . .  . .  . .. 18 
17a. Calycis laciniae capsula 2-3-plo breviores. Capsula pyriformi-ovoidea, 5-7 mm longa . . . . . . .. . . . . . . . . . . 
.. . . . .  . . . . . .  . . . . . . . . . . . . . . . . .  . . . .  . . .  . . . .  . . .  . …   . . . ..  . . . .  5. V. nudicaule (Wydler) Takht. 
  b. Calycis laciniae capsula vix tertia parte breviores. Capsula subglobosa, 5-5,5 mm longa ..... . . . .  .  . . . . . . . .  
.. . .. .  . . .  . .  . . . . . .  . . . . . .  . . . . .  . . . . . .  . . . . . . .   . . .  . . .  . . .6. V. suworowianum (K. Koch) O. Kuntze 
18a. Folia basilaria obtusiuscula vel obtusa, indivisa vel basi tantum segmentis lateralibus praedita. Pedicelli 
fructiferi sat graciles. Calycis laciniae capsula parum breviores … … … … …  … … …  … … … … … … … 
… … … … … … … . . . . . . . .  . . . . . … . . . . .  .  . . . . . . . .  . .  …  . … . .   3. V. aucheri (Boiss.) Hub.-Mor. 
  b. Folia basilaria acutiuscula, fere usque ad apicem pinnati-partita vel pinnatifida. Pedicelli fructiferi 
crassiusculi. Calycis laciniae capsula 1/3 breviores  . . . . . . . … . . . . . . … 7. V. straussii (Bornm.) Hub.-Mor. 
19a. Planta perennis. Bracteae pedicellis fructiferis 5-8-plo breviores …… … … … … … . . . . .  . . . . . . . . . .  . . 
. . . . . .  . . . . . . .  . . . . . … … … … … . . . . . . . . . . . . . . . . .  . . . . . . . . 8. V. farsistanicum (Murb.) Hub.-Mor. 
  b.  Planta annua vel biennis. Bracteae pedicellis fructiferis paulo- 3-plo breviores. .  .  . . . . . . . .  .. 20 
20a. Bracteae lanceolatae, acutae, omnes integerrirnae .  . . . . . . . . . . . 10. V. lyprocarpum (Murb.) Hub.-Mor. 
  b. Bracteae cordato- vel ova to- rarius lanceolato-triangulares, breviter vel longiuscule acuminatae, inferiores 
margine multi- vel paucidentatae, superiores subintegrae vel integerrimae . . . . . . .   . . . . . . . . .  . . . . . . . . . .  . . . 
. . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . .  11. V. coromandelianum (VAHL) Hub.-Mor. 
21a. Stamina 4. Flores in bractearum axillis solitarii. . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . .  . . . . . .  .  .  . . . . . 22 
  b. Stamina 5. Flores in bractearum axillis solitarii vel fasciculati. . .  . . . . . . . . . .  . . .  . .  . . .  . . . . . . . . . . . .26 
22a. Corolla lutea . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .  . .  . . .  . . . .  . . . .  . . . . . .  . . .  . . . 23 
  b. Corolla purpureo-violacea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   . . . . . . . . . .  ..  . . . . .  . .  . 25 
23a. planta perennis. Pedicelli fructiferi capsula subglobosa 2-4-plo longiores . . .  . . .   . . . . . . . . . . . .  . . . .   . . .   
. .  . . . . . . .  . . .  . . . .  . . . . . .  . …. …………… ………… . . . . … .  19. V. assurense Bornm. & Hand.-Mazz. 
  b. planta biennis. Pedicelli fructiferi capsula breviores, aequantes vel parum longiores ..  . . . .. . . . . . . . .. . . 24 
24a. Folia basilaria in petiolum brevem vel brevissimum sensim attenuata, margine crenata vel subduplicato-
crenata vel sublobato-dentata .…....... .. .18. V. oreophilum K. Koch var. Joannis (Bordz.) Hub.-Mor. 
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  b. Folia basilaria in petiolum 4-10 cm longum breviter attenuata, margine irregulariter breviter undulato-sinuata 
. . . .  . . . . . .  . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . .. . .  .  …  . .  .. .  . . . . .. 22. V. kermanense Hub.-Mor. 
25a. Folia ovata vel ovato-oblonga, sinuato-Iobata, lobis utrinque 2-4 obtuse triangularibus vel 
semiorbicularibus … . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . .  . . . .. .  . . . .  . . 20. V. carmanicum 
(Bornm.) Hub.-Mor. 
  b. Folia basilaria oblonga, integerrima . . . .  . .  . . . .  . . . . … . .   .. 21. V. gabrielae (Bornm.) Hub.-Mor. 
26a. Flores in bractearum axillis solitarii, rarius in axillis inferioribus 2-4-ni . . . . . . . . .. . . . . . .  . .  ... . . . .  27 
  b. Flores in bractearum axillis fasciculati vel glomerati, apice ramorum interdum solitarii . . . . . . .  . . .  . .. 34 
27a. Antherae staminum 2 anticorum in filamento adnato-decurrentes . .  . . .  . . . . .  . . . . . . .  . .. . . . .  . . . . 28 
  b. Antherae staminum 2 anticorum transverse insertae, in filamento non adnato-decurrentes . . . . . .  . . . . . 29 
28a. Antherae anticae 1,5-2,5 mm longae. Calyx glandulis stipitatis obsitus, basi saepius insuper pilis 
eglandulosis conspersus, Pedicelli (3-)5-7(-10) mm longi  . . . . .  . .  . . . 24. V. punalense BOISS &BUHSE 
  b. Antherae anticae 3,5-4,5 mm longae. Calyx dense tomentosus, eglandulosus. Pedicelli brevissimi, 0,5-2 mm 
longi . . . .  . . . . . . . .  . … . . . . .  . . . . . . . . .  . . . . . . . .. . . . . . .  . .  .  . . .  . . 25. V. alceoides Boiss. & Hausskn. 
29a. Flores sessiles vel subsessiles . . . . . . . .. . . . . . . . . .  . .   . . . . . . .  .. . . .  . . . ..  . .  . .  . . . . . . . . . . . . . .. 30 
  b. Flores pedunculati, pedicelli fructiferi 2-6( -8) mm longi . . . . . . . .  .. . . .  .  . . . .  . .  .  . . .  . .  . .  . .  . ... 31 
30a. Pedicelli bracteolis binis praediti, flores sessiles .. .  .. . . .  ..  . . . . .  . .  . . . . .  . . 23. V. saccatum K. Koch 
  b. Pedicelli bracteolis destituti, flores subsessiles, pedicelli fructiferi 0,5-2 mm longi . . . . . . . . . . . . . . . .  . . . . .  
. . . . . . .  . .  … .  .. . . .  . . . . .  . . . . . . . . . .. . .  . . . . . . . . . . . . .  . . . ..  ..  . .  . .  26. V. pseudodigitalis Nab. 
31a. Capsula saltern vertice tomentella, subglobosa, 3-4 mm longa . . . . 27. V. kochiiforme Boiss. & Hausskn. 
  b. Capsula glaberrirna vel glandulis tantum obsita, subglobosa vel oblongocylindrica, 4,5-5,5 mm longa 
……………..  . . .. .  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . .  . . . . . .  . .. . . . . . . . . . . . . .  . . .... 32 
32a. Corolla extus hirtella. Capsula late ovoidea vel subglobosa . . .  . . . .  . . . .  . . . 28. V. alepense Benth. 
  b. Corolla extus glaberrirna. Capsula oblongo-cylindrica . . . . . . . . . . . .  . ..  . . . . .  .  . . .  . . . . . . . . . . . .. 33 
Externally glaberrirna Corolla. Capsule oblong-cylindrical 
33a. Bracteae oblongo-Ianceolatae, acutae. Calycis laciniae sublineares. Corolla 20-30 mm diam . ................  . . .  
. . .  . . .  . . .  . . .. .  .   . .  . . . .  . .. . . .  . . . . .  . . . .  . . . . . . . . . . . . . .  . . . . . . . . 29. V. laetum Boiss. & Hausskn.  
Bracts oblong-Ianceolatae, Sharp. Calyx Lacinia sublinear. Corolla 20-30 mm in diameter 
  b. Bracteae triangulari-ovatae, acutiusculae vel subobtusae. Calycis laciniae oblongae. Corolla 12-15 mm diam 
........... .  . .  . . . .  . .   ...  . . . . . . . .  . . .  . . .. .  .. . . . .  . . . . .  . . . . . . . . . . . .  .   . . . . .. 30. V. arbelense Bornm. 
Bracts triangular-ovate, obtuse or acutish. Calyx Lacinia oblong. Corolla 12-15 mm in diameter 
34a. Antherae staminum 2 anticorum in filamento adnato-decurrentes. Folia caulina omnia vel saltern superiora 
decurrentia . . . . . .  . . . . . . . . . . . . … … … … … … …  … … …  … ……   . . .  . . . . . . . 31. V. thapsus L. 
  b. Antherae staminum 2 anticorum in filamento non adnato-decurrentes, transverse insertae. Folia caulina non 
decurrentia . . . . . . . . … … … … … …   … …  …    . . . .  . . . .  . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 35 
35a. Fasciculorum dichasium pedunculatum. . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . . .  . . . . . . . . .. . . . . . .. 36 
  b. Fasciculorum dichasium sessile, ideoque flores eorum umbellulam for mantes.  . . . … … . . . . . . . . . . 37 
36a. Planta tota tomento molli albo-cinereo vestita. lnflorescentia eglandulosa vel glandulosa . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . .  . . . . .  … … … …  … … … … … … …  . . . . . . . . .   . . . . . 47. V. szovitsianum Boiss. 
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  b. Planta inferne pilis brevibus parce obsita, sup erne glabrescens. Inflorescentia glandulis breviter stipitatis 
dense obsita ..... . …. . . . . . . . .. . . …………. . . . .  . . .  . .  . . . ……………… . . …... .48. V. Froedinii Murb. 
Plant below short spare covered with, smooth winter supplied. Inflorescence densely covered with stalked glands 
briefly 
37a. Pedicelli omnes ebracteolati ......... . …… . . …  . . . . . . . . . . . . . .  . 49. V. racemiferum Boiss. & Hausskn. 
Pedicels all ebracteolati 
  b. Pedicellus floris primarii fasciculorum bracteolis binis praeditus . . . . . .  .  . . . . . . . .  . .  . .  . ..  . . . .. 38 
38a. Connectivum staminum 2 anticorum in facie interiore papillosum . . . . .  . . . . . . .. .  .  .  . .  . . .  . . .. 39 
  b. Connectivum staminum 2 anticorum non papillosum.. ...... .  . . . . . .  . .  . . .  . .   . . . . .  . . .  . .  ..   . .  45 
39a. Pedicellus fructifer floris primarii fasciculorum calyce duplo vel plus duplo brevior .. .. . . .  . . . . . . 40 
  b. Pedicellus fructifer floris primarii fasciculorum calycem subaequans vel longior. . . . . .  . . . . . .  . .  . 41 
40a. Calyx 3,5 - 5 mm longus, laciniae late ovatae .... . . ….. .  . .. .   . . . .  ..  ... 33. V. carduchorum Bornm. 
  b. Calyx 7-12 mm longus, laciniae lanceolatae ........ . .… . . . . .  . .....  32. V. haesarense Freyn & Bornm. 
41a. Pedicellus fructifer floris primarii fasciculorum calycem subaequans vel parum superans .  . . . . . .  42 
  b. Pedicellus fructifer floris primarii fasciculorum calyce conspicue vel multo longior . . . . . . . . . .. . . . 44 
42a. Caulis in spicastrum simplex abiens. Bracteae inferiores permagnae, orbiculari-cordatae, foliiformes, 
fasciculum multo superantes . . . . . . . . . . . . . . .  . . . . . . . .  . . . .  . . .. 35. V. phyllostachyum Boiss. & Hausskn. 
  b. Caulis superne paniculato-ramosus. Bracteae inferiores fasciculum subaequantes vel paulo superantes .. 43 
43a. Capsula calyce paulo ad subduplo longior. Calyx 4-6 mm longus .   ..  . . .. . . . . 34. V. erianthum Benth. 
  b. Capsula calycem aequans vel eo brevior. Calyx 6-10 mm longus . . . .  . . . . . . . 36. V. songaricum Schrenk 
44a. Caulis costato-angulatus. Folia caulina superior a valde undulata. Calyx 3-6 mm longus . . . . . . . . . .  . . . . .  
. . . . . . .  . . .  . .  . . . ……………… . . .  .  .  . . .….  . . . . . . . . . .….  . . . . . . . . . . . .  37. V. speciosum Schrad. 
  b. Caulis teres, rarius subangulosus. Folia caulina superiora non vel parum undulata. Calyx 2-3(-4) mm longus 
.. . . . . .  . .  . . . .  . . . .  . . …………. . . . .  . . . . . . ...... . ... 38. V. cheiranthifolium Boiss. 
45a. Lana filamentorum albida vel lutescens. . . . . . . . . . . . .  . .. . .  . .  . . .  . . . . . . . . . . . . . . . .. . . . . . . . . . .. 46 
  b. Lana filamentorum purpureo-violacea. . . . . . . . . . . . . . . . . . . .  . . . . . . .  .  .  . .  . . .  . . . . . . . . . . . . . . . .. 52 
46a. Pedicellus fructifer floris primarii fasciculorum calycem subaequans vel parum longior . . . . . . . . . . . . . 47 
  b. Pedicellus fructifer floris primarii fasciculorum calyce conspicue vel multo longior.  . . . . . . . .  . . . . . . .. 49 
47a. Folia basalia grosse duplicato- vel sublobato-dentata . . . . . .  . . . .  . . . . . . . .  . 39. V. sublobatum Murb. 
  b. Folia basalia indivisa, ± indistincte crenulata vel crenata. . . . . . . .  . …  ..  . . .  . .  . . . . . ..   .  . . . .. . . . . . 48 
48a. Folia basalia dense regulariter vel ± indistincte crenulata. Calyx 2-3 mm longus . . . . . . . . . . . . . . . . .  . . . . . 
. . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . 40. V. kurdicum Hub.-Mor. 
  b. Folia basalia crenata. Calyx 4-6 mm longus … … … . . . . . . . .  . . . . .  41. V. stachydiforme Boiss. & Buhse 
49a. Calyx glaberrimus. Corolla extus glabra . . … … … … … … … . . . . . . . . .  . . . . .  . . . . .   . . . . . . .  . . .. . . . 
. . . . . . . . . . . . . .  . . . . . . . .  . . . ..  . .  .. . . . . . 44. V. haussknechtianum Hub.-Mor. var. Haussknechtianum 
  b. Calyx pilis ramosis pubescens. Corolla extus tomentella . .  . . . . . . . . . . . . . .  . . . . . . .  . . . ..  . . . . . . . . . .. 50 
50a. Corolla densissime pellucido-punctulata . . . .  .. . . . . . .  . . .  . .  . .  . .  . . . .  . . .  . . . . . .  ..  . . . . . . . . .  . . . . 
.  . . . . . . ..  . . . . . . . . .    . . . . . 44. V. haussknechtianum Hub.-Mor. var. fallacinum (Bornm.) Hub.-Mor. 
  b. Corolla non vel parce pellucido-punctulata.  . . . . .  . .  . ………… .  . . . .  . . . . . . . . …………….  . . . . . . 51 
Corolla is not transparent or spare-punctured 
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51a. Calyx fere usque ad basin partitus. Indumentum canum vel cinerascens .. 42. V. turcomanicum Murb. 
Calyx divided almost to the base. Clothing or canum cinerascens 
  b. Calyx ad 2/3 vel 3/4 partitus. Indumentum lutescens . .. . . . . . . . . . . . . .   43. V. geminiflorum Hochst. 
Calyx up to 2/3 or 3/4 partitus covering yellowish 
52a. Folia basalia undulato-sinuata vel basi pinnatifida vel pinnatipartita. Corolla ± dense pellucido-punctulata . . 
. . .  . . . . .  . . . . ..  . . . . . . . . . . .  . . .  . .  . .  . . .. . .  . .  . . . .. . .  . . .  . .. . . . . . . .  . . . . . . . 45. V. sinuatum L. 
  b. Folia basalia integra, obtusissime crenulata. Corolla non vel parce pellucido- punctulata . . . . .  . . . . . . . . . . . 




Appendix II: List of Verbascum specimen for Iran, grouped by Huber-Morath based on 
flowers on axil and hairs: A. Single flowers in each axil (a. without stellate or branched hairs, 
b. with stellate hairs) and B. Multi-Flowers or glomerole in each axil (Taxon name, Synonym 
and general distribution) (Huber-Morath 1981) 
 
Taxon Synonym General Distribution 
A. Single flowers in each axil 
a. without stellate or branched hairs 
1 V. orientale (L.) All. 
Fl. Pedem. 1: 106 (1785). 
Celsia orientalis L.,  
C. caduca Moench, Verbascum 
elegans Salisb. 
Iraq, Iran, Balcanica, Tauria, 
Anatolia, Syria, Libanon, 
Palaestina, Caucasus, 
Transcaucasia 
2 V. intricatum Kuntze 
Revis. Gen. 469 (1891). 
Celsia intricata Benth. Iran, Endem. 
3 V. aucheri (Boiss.) Hub.-Mor. 
Bauhinia 5: 10 (1973).  
Celsia Aucheri Boiss.,  




4 V. disjectum (Murb.) Hub.-Mor. 
Bauhinia 5: 12 (1973). 
Celsia disjecta Murb. Iran, Endem. 
5 V. nudicaule (Wydler) Takht. 
In Takht. & AN. A. Fedor., 
Flora Erevana 234 (1972). 
Scrophularia nudicaulis Wydler, 
Celsia nudicaulis (Wydler) 
B.Fedtsch., C. persica C.A.Mey., 
Celsia brevicaulis Freyn, 
Verbascum persicum Hausskn. ex 
Bornm., Verbascum embergeri 
Mobayen 
Talish, Iran, Anatolia austro-
orientalis, Transcaucasia. 
6 V. suworowianum Kuntze,  
Revis. Gen. 469 (1891). 
0BCelsia suworowiana C. Koch, 
 1BCelsia collina Benth. 
Anatolia, Transcaucasia, Iran. 
 - - var. suworowianum Celsia suworowiana C. Koch var. 
typica Murb.  
Iran borealis, Anatolia boreo-
orientalis, Transcaucasia 
 - - var. acuminatum (Murb.) 
Hub.-Mor. 
Celsia Suworowiana C. Koch var. 
acuminata Murb. 
Iran borealis, Transcaucasia 
 - - var. pseudopersicum (Murb.) 
Hub.-Mor. 
Celsia suworowiana C. Koch var. 
pseudopersica Murb. 
Iran, Endem. 
7 V. straussii (Bornm.) Hub.-
Mor., Bauhinia 5: 15 (1973). 
 
Celsia straussii Bornm. Iran, Endem. 
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8 V. farsistanicum (Murb.) Hub.-
Mor. 
Bauhinia 5: 12 (1973). 
Celsia farsistanica Murb.,  
C. elegans Parsa, C. iranica 
Rech.f., Aellen & Esfand. 
Iran, Endem. 
 
9 V. austroiranicum Hub.-Mor., 
Bauhinia 5: 148 (1975). 
 Iran, Endem. 
10 V. lyprocarpum (Murb.) Hub.-
Mor., Bauhinia 5: 12 (1973). 
Celsia lyprocarpa Murb. Iran, Endem. 
11 V. agrimoniifolium (K.Koch) 
Hub.-Mor., Bauhinia 5: 151 
(1975). 
Celsia agrimoniaefolia C. Koch, 
C. heterophylla Desf. ex Pers., 
Verbascum heterophyllum Kuntze 
Anatolia, Syria, Libanon, 
Palaestina, Jordania, Iraq, Iran, 
Afghanistan. Transcaucasia. 
 - - subsp. agrimoniifolium  Iraq, Talish, Iran, Afghanistan, 
Anatolia, Transcaucasia 
12 V. phoeniceum L. 
Spec. plant. 178 (1753). 
V. cisalpinum Biroli, V. wallrothii 
Bluff & Fingerh., V. 
atroviolaceum Murb., Celsia 
atroviolacea Sommier & Levier 
 
13 V. flavidum Freyn & Bornm., in 
FREYN, Osterr. Bot. Zeitschr. 
40: 17 (1890). 
V. phoeniceum L. var. flavidum 
Boiss., V. phoeniceum L. subsp. 
flavidum (Boiss.) Bornm. 
Iran, Macedonia, Anatolia, 
Transcaucasia 
 
14 V. bornmuellerfunum Hub.-
Mor., Bauhinia 5: 10 (1973). 
Celsia Bornmuelleri Murb. Iran occidentalis, Anatolia, 
Iraq,. 
15 blattaria L. 
Spec. Plant. 178 (1753). 
V. repandum Willd., Enum. Talish, Iran borealis, 
Afghanistan, Europa, Africa 
borealis, Anatolia, Caucasia, 
Asia centralis. 
16 V. macrocarpum Boiss. 
Diagn. PI. Or. Nov. Ser. I, 12: 6 
(1853). 
 Iraq, Iran, Turcomania, Asia 
centralis, Anatolia, Pakistan, 
Transcaucasia 
b. with stellate hairs 
17 V. oreophilum K.Koch 
Linnaea 22: 726 (1849). 
Celsia aurea K.Koch, 
Verbascum aureum Kuntze 
 
 - - var. Joannis (Bordz.) Hub.-
Mor. 
Denkschr. Schweiz. Nat. Ges. 




Celsia Joannis Bordz., 
Verbascum Joannis (Bordz.) 
Murb., V. aureum Kuntze var. 
Joannis (Bordz.) Murb., Celsia 
aureiformis Murb., Verbascum 
aureiforme (Murb.) Murb., 
Verbascum aurantiacum Parsa, 
V. kalibaricum Parsa 




18 V. assurense Bornm. & Hand.-
Mazz. 
Ann. Nat. Hofmus. Wien 27: 
402, tab. 17, fig. 10 (1913). 
Celsia lanceolata Vent., 
Verbascum lanceolatum (Vent.) 
o. Kuntze, V. incanum Kuntze, 
Celsia incana Benth, C. layardii 
Ball ex Turrill, Verbascum 
Besnardii Rech.f 
 
 - - var. singaricum (Murb.) 
Hub.-Mor. 
Celsia lanceolata Vent var. 
singarica Murb. 
Iraq, Iran boreo-occidentalis. 
19 V. carmanicum (Bornm.) Hub.-
Mor., Bauhinia 5: 11 (1973). 
Celsia carmanica Bornm. Iran, Endem. 
 
20 V. gabrieliae (Bornm.) Hub.-
Mor., Bauhinia 5: 12 (1973). 
Celsia gabrielae Bornm. Iran, Endem. 
 
21 V. kermanense Hub.-Mor., 
Bauhinia 5: 149 (1975). 
 Iran, Endem. 
22 V. saccatum K. Koch, Linnaea 
17: 283 (1843). 
V. molle K.Koch 





23 V. punalense Boiss. & Buhse 
Nouv. Mem. Soc. Nat. Mosc. 
12: 161 (1860). 
V. rubiginosum K.Koch Iran borealis, Turcomania, 
Transcaucasia. 
24 V. alceoides Boiss. & Hausskn. 
ex Boiss., Fl. Or. 4: 306 (1879). 
 Iraq, Iran, boreo-occidentalis 
25 V. pseudodigitalis Nábělek, 
Pub!. Fac. Sci. Univ. Masaryk 
(Brno) 90: 28, fig. 7; 90: 32, tab. 
2, fig. 2 (1926). 
 Iran, Endem. 
 
 - - var. pseudo-Digitalis V. pseudodigitalis var. 
chrysandrum Murb 
Iran, Endem. 
 - - var. phoenicandrum Murb. 
Lunds Univ. Arsskr. N.F. Avd. 
2,32,1: 6 (1936). 
V. firuzabadicum Parsa Iran, Endem. 
 
26 V. kochiiforme Boiss. & 
Hausskn. ex Boiss., in BOISS., 
Fl. Or. 4: 335 (1879). 
 Iran, Endem. 
 
27 V. alepense Benth., in DC., 
Prodr. 10: 241 (1846). 
 Iran occidentalis, Iraq, Anatolia 
austro-orientalis, Syria 
B. Multi-Flowers or glomerole in each axil 
28 V. thapsus L. 
Spec. plant. 177 (1753). 
V. Schraderi G.Mey., Chlor. 
Hannover 325 (1836). 
Talish, Iran, Afghanistan, 
Pakistan  
165 
29 V. hasarense Freyn & Bornm. 
in FREYN, Mem. Herb. Boissier 
13: 27 (1900). 
 Iran, Endem. 
 
30 V. carduchorum Bornm., 
Allgem. Bot. Zeitsehr. 13: 94 
(1907). 
 Iran, Endem. 
 
31 V. erianthum Benth. 
in DC., Prodr. 10: 235 (1846). 
V. bactrianum Bunge  
V. sinaiticum Benth. var. 
bactrianum (Bunge) Murb. 
V. capusii Franch.,  
V. ellipticifolium Parsa 
Iran, Afghanistan, Pakistan 
32 V. phyllostachyum Boiss. & 
Hausskn. ex Boiss., 
Fl. Or. 4: 331 (1879). 
 Iran: Endem. 
 
33 V. songaricum Schrenk, Enum. 
PI. Nov. Schrenk 1: 26 (1841). 
 Anatolia, Iraq, Iran, 
Transcaucasia, Turcomania, 
Asia centralis 
 - - subsp. songaricum 
 
V. polystachyum Kar. & Kir, 
V. daenense Boiss., V. 
khorassanicum Boiss., V. 
medum Stapf, V. ibericum 
Schmalh 
Anatolia oriental, Iraq, 
Talish, Iran, Tureomania, 
Transeau, Asia centralis. 
34 V. speciosum Schrad. 
Hort. Gotting. 2: 22, tab. 16 
(1811). 




35 V. cheiranthifolium Boiss. 
Diagn. PI. Or. Nov. Ser. 1,4: 56 
(1844). 
 Anatolia, Iraq, Iran, 
Transcaucasia, Turcomania 
 -- var. asperulum (Boiss.) Murb. 
Lunds Univ. Arsskr. N.F. Avd. 2, 
29, 2: 277 (1933). 
V. asperulum Boiss. 
V. cylindraceum Freyn & 
Sint. ex Freyn. 
Iran, Anatolia, Iraq 
septentrionalis. 
 
 - - var. transcaspicum Murb., 
Lunds Univ. Arsskr. N.F. Avd. 2, 
29, 2: 278 (1933). 
 Iran, Turcomania, Anatolia 
orientalis, Transcaucasia. 
36 V. sublobatum Murb., Lunds 
Univ. Arsskr. N.F. Avd. 2, 29, 2: 
308, tab. 15, fig. 14 (1933). 
 
 Iran, Endem. 
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37 V. stachydiforme Boiss. & 
Buhse, Nouv. Mem. Nat. Mose. 
12: 159 (1860). 
V. talyschense Boiss. & Buhse Iran, Endem. 
 
38 V. haussknechtianum Hub.-Mor. V. persicum Hausskn. ex 
Bornm. 
Iran, Endem 
 - - var. haussknechtianum  Iran, Endem. 
 - - var. fallacinum (Bornm.) 
Hub.-Mor. 
V. persicum Hausskn. ex 




39 V. sinuatum L., Spec. Plant. 178 
(1753). 
 Region Mediterranean, Asia 
austro-occidentalis usque ad 
Turcomaniam et 
Afghanistan. 
 - - var. sinuatum V. undulatum M.Bieb. Iran, Region Mediterranean, 
Hispania, Africa 
septentrionalis 
 - - var. adenosepalum Murb. 
Lunds Univ. Arsskr. N.F. Avd. 2, 
29, 2: 371 (1933). 
 Iraq, Talish, Iran, 
Turcomania, Afghanistan, 
Anatolia, Syria, Libanon, 
Palaestina, , Turcomania, 
Transcaucasia 
40 V. gossypinum M.Bieb., FI. 
Taur.-Cauc. 3: 152 (1819). 
V. hohenackeri Fisch. & 
C.A.Mey. 
Talish, Iran borealis, 
Caucasus, Transcaucasia. 
41 V. szovitsianum Boiss., Fl. Or. 4: 
333 (1879). 
  
 - - var. szovitsianum  Iran borealis, Transcaucasia  
 - - var. adenothyrsum Murb. 
Lunds Univ. Arsskr. N.F. Avd. 
2,29,2: 456 (1933). 
















V. cheiranthifolium BOISS. x sinuatum L. in MURB., I.c.: 280 (1933) . 
V. cheiranthifolium BOISS. x songaricum SCHRENK in MURB., I.e.: 280 (1933) . 




























































Appendix IV: Artemisia sections suggested by De Candolle (1837) 
 
ARTEMISIA 
Sect. 1. Dracunculus Bess. 
Recept. nudum. Capitnlum heterogamum, fl. radii foemineis i-serialibus, disci bisexnalibus 
sed abortu ovarii sterilibus. 
§1 . Dracunculi veri. — Capitulis majusculis ovatis, invol. squamis oblongis. — Species 
omnes frutescentes aut perennes. 
* Species fruticosce. 
 
1. A. koelreuteriana Bess. 
2. A. salsoloides Willd. 
3. A. halodendron Turcz. 
4. A. arenaria 
5. A. variabilis Ten. 
6. A. paniculata Lam. 
7. A. odoratissima Desf. 
8. A. glutinosa Gay. 
9. A. jussirana Gay. 
10. A. monosperma Delil. 
11. A. deliliana Bess. 
12. A. tschernieviana Bess. 
13. A. crithmifolia Linn. 
14. A. gayana Bess. 
15. A. ledebouriana Bess. 
16. A. campestris Linn. 
17. A. inodora Bieb. 
18. A. sachaliensis Tiles. 
19. A. eriopoda Bung. 
20. A. nuttalliana Bess. 
21. A. fontanesiana Bess. 
22. A. dracunculus Linn. 
23. A. glauca Pall. 
24. A. ammaniana 
25. A. jacquemontiana Bess. 
26.  A. caudate Michx. 
27. A. desertorum Spreng. 
28. A. pubescens Ledeb. 
29. A. commutate Bess. 
30. A. foetida Jacquem. 
31. A. pycsorhiza (Ledeb. 
32. A. nana Gand. 
33. A. borealis Pall. 
34. A. peucedanifolia Juss. 
35. A. pycnocephala 
 
 
§2. Dracunculi parviflori, capitulis parvulis globosis, invol. Squamis orbiculatis concavis 
glaberrimis . — Species annuae, biennes aut perennes imo frutescentes. 
 
36. A. Canadensis Michx. 
37. A. scoparia Waldst. 
38. A. trichophylla Wall. 
39. A. parviflora Roxb. 
40. A. glabrata Wall. 
41. A. japonica Thunb. 
 
 
Sect. II. Seriphidium Bess.  
Receptaculum nudum. Capitulum homogamum. 
 
§. 1. Subindivisa, foliis radicalibus indivisis aut simpliciter pinnatilobatis. 
 
42. A. coerulescens Linn. 
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§2. Multifida (I), foliis radicalibus bi-seu tripinnatisectis, lobis lineari-subfiliformibus. 
 
43. A. lippii Jan herb. ex 
Bess. 
44. A. oliveriana Gay ex 
Bess. 
45. A. sieberi Bess. 
46. A. billardierana Bess. 
47. A. arragonensis Lam. 
48. A. reptans 
49. A. ramosa C. Smith. 
5o. A. inculta Delile. 
51. A. gallica Willd. 
52. A. pauciflora Stechm. 
53. A. compacta Fisch. herb. 
54. A. monogyna Waldst. 
55. A. brevifolia Wali. 
56. A. vallesiaca All. 
57. A. nutans Willd. 
58. A. salina Willd. 
59. A. maritima Linn. 
60. A. fragrans Willd. 
61. A. boschniakiana 
62. A. lercheana Stechm. 
63. A. taurica Bieb. 
64. A. barrelieri Bess. 
65. A. nitrosa Stechm. 
66. A. acetica Jacquem.
   
 
§3. Trifida, foliis radicalibtis trifidis. 
 
67. A. cana Pursh. 68. A. mendozana
 
 
Sect. III. Abrotanum Bess.  
Recept. nudum. Capilulum heterogamum, fl. radii foemineis, disci hermaphr. omnibus 
fertilibus. 
 
§1. Polycarpaea, nempe fruticosa seu perennia 
* Fruticosa. 
 
69. A. fischeriana Bess. 
70. A. kruhsiana Bess. 
71. A. rutaefolia Stephan. 
72. A. turczaninoviana Bess. 
73. A. hispanica Lam. 
74. A. judaica Linn. 
75. A. australis Less. 
76. A. afra Jacq. 
77. A. vestita Wall. 
78. A. gmelint Stechm. 
79. A. adamsii Bess. 
80. A. messerchmidiana 
Bess. 
81. A. molluccana Roxb. 
82. A. paniculaeformis 
83. A. procera Wild. 
84. A. abrotanum Linn. 
85. A. chamaemelifolia Vill. 
86. A. macrantha Ledeb. 
87. A. stechmanniana Bess. 




** Sufruticosa aut herbacea perennia. 
a. Capitulis paniculatis. 
 
89. A. herbacea Ehih. 
90. A. pontica Linn. 
91. A. discolor Dougl. 
92. A. ludoviciana Nutt. 
93. A. hookeriana Bess. 
94. A. lavandulaefolia 
95. A. dubia Wall. 
96. A. insipida Vill. 
97. A. latifolia Ledeb. 
98. A. laciniata Willd. 
99. A. macrobotrys Ledeb. 
100. A. armeniaca Lam. 
101. A. hololeuca Bieb. 
102. A. austriaca Jacq. 
103. A. samamisica Bess. 
104. A. Myriantha Wall. 
105. A. selegensis Turcz. 
106. A. vulgaris Linn. 
107. A. leptostachya 
108. A. tilesii Ledeb. 
109. A. pachystachya 
110. A. indica Wild. 
111. A. Mexicana Wild. 
112. A. roxburghiana Bess. 
113. A. grata Wall. 
114. A. integrifolia Linn. 
115. A. longifolia Nutt. 
116. A. purshiana Bess. 
117. A. gnaphalodes Nuss. 
118. A. douglasiana Bess. 
119. A. lactiflora Wall. 
120. A. royleana 




  b. Capitulis corymbosis 
 
122. A. pallasiana Fisch. 123. A. fasciculate Bieb. 
 
c. Capitulis fascicolato-congestis. 
 
124. A. leontopodioides 
Fisch. 
125. A. glomerata Ledeb. 
126. A. steveniana Bess. 
127. A. globularia Cham. 
128. A. senjavinensis Bess. 
129. A. richardsoniana 
Hook. 
130. A. curilensis Spreng. 
131. A. triniana Bess. 
132. A. Lagopus Fisch. 
133. A. tanacetifolia All. 
134. A. moorcroftiana Wall. 
135. A. michauxiana Bess. 
136. A. prescottiana Bess. 
137. A. spicata Jacq. 
138. A. corymbosa Fisch. 
139. A. chinensis Linn. 
140. A. cespitosa Ledeb. 
141. A. heterophylla Bess. 
142. A. trifurcate Steph. 
143. A. norvegica Vahl. 
144. A. longepedunculata 
Rud. 
145. A. arctica Less. 
146. A. stelleriana Bess. 
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§2. Monocarpea, nempe annua aut biennia. 
 
147. A. carvifolia Wall. 
148. A. annua Lin. 
149. A. tournefortiana 
Reichenb. 
150. A. biennis WILD. 
151. A. pectinata Pall. 
152. A. palustris Linn. 
153. A. succulent Ledeb. 
154. A. pallens Wall. 
 
Sect. IV. Absinthium DC. 




§1. Species polycarpae , seu perennes aut fruticoscae. 
* Fruticosae aut frutescentes. 
 
155. A. argentea L’Her. 
156. A. canariensis Less. 
157. A. arborescens Linn. 
158. A. moxa 
159. A. obtusiloba Ledeb. 
160. A. montevidensis 
Spreng. 
161. A. camphorate Vill. 
162. A. capillifolia Fisch. 
163. A. grandiflora Bieb. 
164. A. lagocephala Fisch. 
 
 
** Species suffrutescentes seu herbaceae. 
 
165. A. sericea Stechm. 
166. A. argyrophylla Ledeb. 
167. A. splendens Willd. 
168. A. lanata 
169. A. Mutellina Vill. 
170. A. glacialis Linn. 
171. A. rupestris Linn. 
172. A. minor Jacquem. 
173. A. frigida Wild. 
174. A. mollissima Don 
prod. 
175. A. mollis Gay mss. 
176. A. absinthium Linn. 
 
 
§. 2. Species Monocarpaeae sive annuce aut biennes. 
 
177. macrocephala Jacquem. 178. A. sieversiana Wild. 179. A. anethifolia Stechm. 
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+ Species non satis notae. 
180. A. aquatica Lour. 
181. A. capillaries Thunb. 
182. A. cuneifolia 
183. A. densiflora Viv. 
184. A. leptophylla Don prod. 
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Résumé 
L'objectif de cette thèse était d'étudier la biogéographie et l'évolution de deux groupes de plantes en Iran: Verbascum et 
Artemisia. Pour réaliser cet objectif, plusieurs phylogénies moléculaires ont été construits pour chacun de ces deux genres, et 
plusieurs caractères morphologiques ont été analysés. Les échantillons pour cette thèse ont été collectés en Iran au cours de 
mission de terrain et comparés aux spécimens d'herbier de plusieurs herbiers en Europe et en Iran. Cette étude a permis la 
collecte de presque toutes les espèces d’Iran. Pour les études moléculaires des feuilles ont été prélevées et conservées dans du 
silica-gel, à partir duquel l'ADN a été extrait et séquencé pour plusieurs régions. 
 
Pour Verbascum nous avons construit une phylogénie moléculaire comprenant 77 taxons représentant 38 espèces, à l’aide de 
la région  nucléaire (ITS) et de quatre régions chloroplastiques (trnL-F, trnS-G, trnH-psbA et matK en partie). Les caractères 
morphologiques utilisés pour délimiter les groupes taxonomiques dans ce grand genre ont été examinées attentivement et 
comparées à la phylogénie moléculaire. 
 
Nous avons construit une autre phylogénie pour Artemisia avec seulement deux régions nucléaires ITS et ETS, en raison de 
l'insuffisance de résolution des marqueurs chloroplastiques pour ce genre. Nous avons pu inclure 48 taxa dans notre analyse, 
22 en provenance d’Iran et 26 en provenance de Turquie. Comme de nombreuses études ont déjà été menées sur Artemisia, 
nous avons inclus nos séquences dans une grande phylogénie, incluant presque toutes les séquences publiées lors d’études 
précédentes en vue de construire un cadre phylogénétique robuste pour notre étude et de juger de l’apport des espèces turques 
et iraniennes à la phylogénie d’Artemisia. 
 
Les résultats de la phylogénie moléculaire de Verbascum montrent qu’il s’agit d’un genre monophylétique, mais n’a pas 
permis de proposer  de classification infra-générique  en accord avec la classification de Murbeck (1933) ou d’Huber-Morath 
(1981). Certains des caractères clés proposées par ces auteurs sont plésiomorphes et seule une combinaison de caractères peut 
aider à faire quelques regroupement. Au cours de cette étude deux espèces nouvelles ont été décrites: V. shahsavarensis et V. 
parsana et des espèces sont notées pour la première fois en Iran. 
 
L'inclusion des espèces iranienness et turques d'Artemisia a permis d’élargir les études existantes particulièrement pauvres en 
espèces provenant de ces deux régions. Les résultats phylogénétiques pour Artemisia ont montré que la région ETS fournit 
plus de sites variables et potentiellement informatifs qu’ITS. Cependant l'ajout de taxons iraniens et turcs n'a pas résolu les 
problèmes de délimitation des lignées majeures d'Artemisia et les résultats largement congruents avec les études précédentes. 
En outre, nos résultats confirment la décision d’inclure dans Artemisia certaines espèces comme Sphaeromeria capitata (A. 
capitata) et Sphaeromeria argentea (A. macarthuri) dans le genre Artemisia. 
 
En conclusion ce travail apporte des données nouvelles pour un genre peu étudié comme Verbascum et pour Artemisia des 
données sur des espèces non incluses précédemment dans les phylogénies d’Artemisia. Globalement cette étude a aussi 
démontré que les caractères morphologiques ne suffisent pas à définir de classification sub-générique dans ces deux genres et 
indiquent clairement que certains sous-genres ou des sections d'Artemisia comme Verbascum , exigent des changements dans 
leur délimitation. 
 
Mots-clés: Artemisia, genre chloroplastic, classification, ETS, l'évolution, l'Iran, ITS, phylogénie, systématique, Turquie, 
Verbascum. 
 
 
 
 
